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INTRODUCTION 
The Ledges State Park is unusual for central Iowa due to its 
sandstone outcrops and unique assemblages of plants. Extreme variation 
in slope angle, density of canopy, and aspect combine to produce a great 
diversity of habitats. Rock outcrops furnish additional plant habitats 
as do the streams with their associated alluvial flats. As a result of 
the diversity of habitats, Ledges State Park supports a rich and diverse 
flora. 
It is important to preserve these woodland islands for several 
reasons. Preservation of Ledges State Park, which is rich in history, 
flora, and fauna, is to save for future generations a piece of what Iowa 
woodlands once were. It is important to maintain the biological habitat 
and diversity which naturally exists there. But simply preserving this 
area as a state park or preserve is not enough. The Ledges is in danger 
of being "loved to death" by the many park visitors who seek the solitude 
and beauty of the woods. Preservation of the present flora and fauna is 
dependent on management practice. In turn, increased knowledge of 
central Iowa's woodlands is essential for their effective management and 
preservation of this invaluable resource. 
The purpose of this study is to survey the vegetation of the Ledges 
State Park. This survey will provide baseline information necessary for 
interpretive as well as management purposes. More specifically the 
objectives of this study are: (1) to examine the influence of past 
climate and vegetation distributions on the present flora; (2) to examine 
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the influence of historical man and settlement on the current vegetation; 
(3) to determine the present species composition and delineate the 
vegetation communities; (4) to determine rare and unusual communities and 
recommend management practices for these; and (5) to compare the Ledges 
flora with that of other Iowa woodlands. 
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NATURAL FEATURES 
Geography 
Ledges State Park is located in Boone County in central Iowa 
adjacent to the Des Moines River, T83N, R26W, in sections 16, 9, 10, 15, 
20, and 21 (Figures 1-2). The city of Boone is four miles north of the 
park. 
For clarity and convenience in referring to vegetation of particular 
interest, regions of the park have been named as shown in Figure 3. Many 
of these names originated from Carl Fritz Henning, the park's first 
custodian. Several names have originated with this study. These names 
will be used subsequently in this report to refer to locations. It is 
difficult to know in some instances what topographic feature the old 
names refer to. For example, Reindeer Ridge is currently used to denote 
the large east-west ridge of the main canyon. In the past it may have 
referred only to the smaller north-south ridge branching off from the 
main ridge. 
Topography 
Ledges State Park is situated on a flat glacial till plain dissected 
by the Des Moines River. Major topographic features of the park are 
illustrated in Figure 4. Pease Creek drains into the Des Moines River 
from the northeast forming the principal cliff-lined canyon giving the 
park its name. Davis Creek, a tributary of Pease Creek, branches 
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Figure 1. Location of Ledges State Park in Iowa 
Figure 2. Location of Ledges State Park (LSP), Des Moines River (DMR), 
and Boone, in Boone County, Iowa 
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Figure 3. Map of the Ledges State Park with location names for 
reference 
AU = Aspen Upland 
BH = Basswood Hollow 
CC = Chinkapin Creek 
CN = Crow's Nest 
CU = Campground Upland 
DC = Davis Creek 
DF = Des Moines River Floodplain 
liM = Hutton Memorial Trail 
KF = Katina Falls 
LD = Lower Ledges 
LL = Lost Lake 
LS = Lady Slipper Falls 
OF = Old Foundation Upland 
PC = Pease Creek 
PU = Prairie Upland 
RH = Red Oak Hollow 
RP = Restored Prairie 
RR = Reindeer Ridge 
UP = Upper Pease Creek 
WF = West Face 
WH = Walking Fern Hollow 
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northward forming a narrow canyon of its own. An unnamed tributary of 
the upper Pease Creek branches off to the southeast and eventually south. 
Walking Fern Hollow and two intermittent drainages north between Walking 
Fern Hollow and Pease Creek cut east and northeast into the upland from 
the Des Moines River. There is 75 m of relief between the highest point, 
the restored prairie (363 m), and the Des Moines River (288 m). Steep 
slopes and various stages of soil slumping are evident throughout the 
park. At the park's south edge, sandstone cliffs are found within 
several meters of the Des Moines River. Similar sandstone cliffs line 
the main canyon of the park along Pease Creek. Reindeer Ridge is formed 
by the cutting of two adjacent drainages which have left the well-drained 
ridge between them. 
The topography influences where particular plants grow. The park 
uplands are flat to gently rolling characterized by white oak and 
shagbark hickory. The prairie can also be found in this topography. The 
steep slopes which predominate throughout the park are covered with red 
oak on all aspects. On north-facing aspects, an abundance of black maple 
and basswood can be found. Along the creeks where the topography levels 
out can be found walnut, honeylocust, and hackberry. The flat 
Des Moines River floodplain is characterized by willows and silver maple. 
Geology 
The sandstone ledges for which the park was named were part of an 
ancient delta formed by rivers draining the young Appalachian Mountains 
10 
during the Pennsylvanian Period. Shallow oceans covered much of 
North America at that time. Where rivers entered the ocean, deltas, 
swamps and mud flats were formed, giving rise to sandstone, coal, and 
shale respectively. The sandstone is the most conspicuous in the Ledges 
canyon and the Lower Ledges, but also occurs in isolated areas throughout 
the park. A shale outcrop is evident at the upper end of Davis Creek and 
a small coal seam can be found at the lower portions of Reindeer Ridge. 
The Ledges sandstone was formed in a river. As the land level 
lowered, the channel of the river became choked with sand (Gywnne, 1951). 
The sandstone, which is massive and lacks bedding planes or planes of 
separation, was deposited continuously with little or no interruption. 
The crossbedding evident at the Ledges indicates that the sandstone must 
have been deposited by a swift river current. In addition to 
crossbedding, concretions are a distinctive and conspicuous feature of 
the Ledges sandstone. The log-like concretions were formed by calcite 
precipitating from ground water. The calcite cements sand deposits 
together and renders them more resistant to weathering than surrounding 
sandstone (Beyer, 1895; Gywnne, 1951). 
During the Pleistocene Epoch, glaciers advanced and receded over 
Boone County three times. The last glaciation, the Wisconsin, about 
14,000 years ago, left glacial debris known as the Bemis Moraine in the 
vicinity of the Ledges State Park. 
There has been disagreement as to when the bedrock valley of the 
Des Moines River Valley formed. A post-Nebraskan date was postulated by 
Lees (1916) while Beyer (1895) placed the origin at post-Wisconsin. More 
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recently, Palmquist and Bible (1975) have presented evidence that the 
Des Moines River was determined by the shape of the Cary lobe of the 
Wisconsin glaciation. 
Osolin (1983) presents two hypotheses. The first is that the 
Des Moines River formed prior to deglaciation as a subglacial meltwater 
channel. A second hypothesis is that the river flowed upon the ice and 
superposition of the river was controlled by the position of the Cary 
lobe. In either case, following glaciation, an abundance of glacial 
meltwater along with a periglacial climate would have caused rapid 
erosion. Osolin postulates that the Ledges Canyon was formed within the 
first 3,000 years after the glacier receded, reaching nearly its present 
form during that time. Erosion cutting along Pease Creek removed glacial 
till and sandstone bedrock leaving the steep slopes and cliffs of the 
Ledges exposed as they are today. 
Soils 
The soils of Boone County were last surveyed in 1981 (Anderson and 
Dideriksen, 1981). This survey mapped 12 soil units (soils, soil 
complexes, and land types) in the Ledges State Park (Figure 5). Soils of 
the Ledges fall into three great soil groups--Alluvial soils, Brunizems, 
and Gray Brown Podzolic soils (Oschwald et al., 1965). The Alluvial 
soils occur on bottomlands and low terraces. These soils are formed from 
waterlain sediments deposited after successive floods and do not have 
distinct horizons. The Brunizems developed under prairie grass 
vegetation and in Iowa occur on flat or slightly rolling topography. 
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Figure 5. Soil map of the Ledges State Park (from Anderson and 
Dideriksen, 1981) 
Symbol 
A 
HI 
H2 
H3 
P 
L 
HS 
Ml 
M2 
Bl 
B2 
SB 
Soil Unit 
Ames Silt Loam 
Hayden Loam 
Hayden Loam 
Hayden Loam 
Palms Muck 
Luther Loam 
Hayden-Storden Loams 
Moingona Loam 
Moingona Loam 
Buckney Fine Sandy Loam 
Buckney Fine Sandy Loam Channelled 
Spillville-Buckney Complex 
% Slope 
0-1 
2-5 
5-9 
14-18 
0-1 
0-2 
25-50 
1-5 
5-9 
1-3 
0-2 
2-5 
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They have a rich black A horizon. Gray Brown Podzolic soils formed under 
forests and occur on gently rolling to steep topography. They have dark 
gray to grayish brown A horizons. The soils of the Ledges belong to the 
Clarion-Nicollet-Webster soil association (Oschwald et al., 1965). 
Alluvial soils 
Along the Des Moines River can be found the Moingona loam, Buckney 
fine sandy loam, and the Buckney fine sandy loam channeled. These are 
all gently sloping soils. The Moingona loam is moderately well-drained 
and found on alluvial fans. The Buckney loam is a well-drained 
bottomland soil subject to flooding. The Spillville-Buckney complex is 
made up of two soils which are poorly-drained and excessively-drained 
respectively. These are found along Pease and Davis Creeks. 
Brunizems and Gray Brown Podzolic soils 
The Hayden-Storden loams are derived from glacial till. These are 
well-drained soils on slopes of 25 to 50%. These soils are frequently 
dissected by gullies. Hayden loam is found on north- and east-facing 
slopes and ridgetops. It has a high water holding capacity available for 
plants and originally was formed under forest vegetation (Oschwald 
et al., 1965). The Storden loam is found on west- and south-facing 
slopes and has a medium to high water holding capacity. Storden loam 
formed under the original vegetation of prairie. 
The upland soils are also formed from glacial till on slopes of less 
than 10%. These include the Hayden loam, Luther loam, and Ames silt 
loam. The Hayden loam is well-drained on convex upland ridgetops. The 
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Luther loam is poorly-drained on flat to slightly convex areas. The Ames 
silt loam is a very poorly-drained soil in concave upland depressions. 
All of these formed under forest vegetation. The Palms muck is a very 
poorly-drained soil found around Lost Lake. This soil retains pools of 
water after heavy rains. This soil originally developed under swamp-like 
vegetation of grasses and sedges. 
Climate 
The climate of Boone County is midcontinental with hot, wet summers 
and dry, cold winters. Weather observations for Boone County are made in 
Boone about 8 km north of the Ledges. The following account of the Boone 
County climate was derived from several sources (U.S. Department of 
Agriculture, 1941; Waite, 1967; Anderson and Dideriksen, 1981). 
In the winter, the average temperature is -6°C (22°F) with an 
average daily minimum of -11°C (13°F). In the summer, the average 
temperature is 22°C (72°F) and the average daily maximum is 29°C (84°F). 
Two years out of every ten years will have a January minimum temperature 
of -30°C (-22°F) and a July maximum temperature of 38°C (100°F). The 
average length of the frost-free growing season is 151 days. The total 
annual precipitation is 848 rom (33.4 inches). About 73% or 609 rom (24 
inches) of this precipitation falls from April to September as rain. The 
average seasonal snowfall is 813 rom (32 inches). The prevailing wind is 
from the northwest. Summers are characterized by thunderstorms and 
occasionally hailstorms and tornados. 
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LITERATURE REVIEW 
Iowa Vegetation Studies 
Forest vegetation over most of Iowa has declined since the time of 
settlement. Deciduous forest covered 16% of Iowa prior to settlement 
mainly along the drainage systems (Dick-Peddie, 1955). Today, less than 
4% of Iowa's native woodlands remain (Thomson and Hertel, 1981). It is 
generally accepted that forest expansion has occurred in some areas due 
to suppression of prairie fires, but due toa larger demand for woodland 
clearing, the total acreage of forests in Iowa is still shrinking. 
The forest vegetation of Iowa and its phytogeography have been 
described by several people. The following paragraphs summarize the 
findings of these studies which have relevance to the understanding of 
central Iowa vegetation and that of the Ledges in particular. 
Braun (1950) considered central Iowa to be in a transition zone 
between the mesophytic maple-basswood forest from the northeast and 
oak-hickory forest extending into Iowa from the south. Shimek (1948) 
divided the forests into dry upland and moist alluvial types. Conard 
(1952) defined four woodland communities: willow association, elm 
association, red oak association, and bur oak association. 
Pammel (1905) compared the vegetation of Minnesota and Wisconsin 
with central and northeastern Iowa. He denoted several plant formations 
including a sandstone formation and a tree-covered slope formation which 
he further subdivides as moist or dry. 
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Pammel Woods, Iowa State University, was surveyed by Aikman and 
Smelser (1938). They found fewer trees in the maple-linden community 
than in the oak-hickory, although there was little difference in the 
basal area. The canopy was more closed in the maple-linden community, 
which they maintained represented the highest level of forest development 
in central Iowa. The oak-hickory association had smaller trees with an 
open canopy and a dense layer of shrubs. 
Aikman and Gilly (1948) compared the forest floras along the 
Des Moines River and Missouri River. Three woody plant communities were 
recognized on the Des Moines River. They were maple-linden association 
in the mesic sites, oak-hickory association in the more xeric sites, and 
the shrub association which forms a tension zone between the oak-hickory 
association and adjacent prairie. 
Sanders (1967; 1969) looked at the composition of the canopy layer, 
the reproductive layer, and the herbaceous layer in forests along the 
Des Moines in central Iowa. Four of his sites were at the Ledges. He 
found the important tree species in stands with low continuum-index 
1 
numbers to be Quercus alba, Carya ovata, and Quercus rubra. Species 
that were important in stands with high continuum-index numbers were Acer 
nigrum, Tilia americana, Quercus rubra, and Fraxinus nigra. He found 
Quercus alba and Ostrya virginiana seedlings to decrease in stands with 
1These are numbers which order vegetation stands along a continuum 
based on the important species of the stand. The species are weighted by 
climax adaptation numbers which are arbitrarily assigned to species to 
indicate the degree to which they approach the climax Acer in 
autecological characteristics. Low numbers are early succession and high 
numbers are characteristic of later successional stages. 
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higher continuum-index numbers. Sanders found it difficult to accept the 
hypothesis that discrete community types exist on slopes in central Iowa. 
He suggested that Iowa slope forests do not form discrete vegetation 
units but vary in a continuous manner. Several factors were examined and 
suggested as being important in determining distribution patterns for 
herbaceous species. 
Thorne (1964) studied the vegetation of White Pine Hollow in eastern 
Iowa. He defined and characterized 12 habitats according to aspect and 
topography. Davidson (1960) delineated 24 plant communities in south-
eastern Iowa. Eight of these are forested communities. Eilers (1974) 
noted 12 plant communities at Brush Creek Canyon State Preserve. Six of 
these are forest communities and all are defined by topographic position. 
Hightshoe (1981) classified Iowa forest communities according to a 
moisture gradient. He recognized 11 associations as listed in Table 1. 
Niemann (1971) and Niemann and Landers (1974) conducted a transect 
sampling of the forest communities of Woodman Hollow State Preserve 
located on the Des Moines River 55 miles north of the Ledges State Park. 
Computer ordination of the vegetation revealed four distinct communities: 
oak-hickory, prairie opening, floodplain, and north-facing slope. 
Dominants of the oak-hickory were Quercus alba and Carya ovata with 
Quercus rubra less abundant. It occurred on gently sloping uplands as 
well as south-facing slopes. Andropogon gerardi and ~. scoparius were 
dominant in the prairie community. The floodplain community was 
characterized by Ulmus americana, Acer nigrum, and Tilia americana. 
Niemann noted that it is herbs such as Laportea, Impatiens, and 
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Table 1. Classification of Iowa Forest Communities from Hightshoe (1981) 
GRADIENT HABITAT TYPE ASSOCIATION 
Wet Lowland riparian successional Willow-Maple-Poplar 
Lowland alluvial flats Oak-Birch-Planetree 
Wet-mesic Lowland mixed floodplain Maple-Hackberry-Elm-Ash 
Mesic Upland mesic climax Maple-Linden 
Mesic-dry Upland mesic-dry climax Oak-Linden 
Upland mesic-dry successional Aspen 
Upland mesic-dry northern forest Pine-Fir-Birch 
Dry Upland dry climax Oak-Hickory 
Upland dry savanna Oak-Savanna 
Upland dry successional Cedar Glade/Mixed Shrub 
Ranunculus which distingUish the floodplain community. The north-facing 
slope was dominated by Acer nigrum, Tilia americana, and Carya 
cordiformis, with Hepatica acutiloba and Mitella diphylla common in the 
herbaceous layer. 
Cahayla-Wynne (1976) and Cahayla-Wynne and Glenn-Lewin (1978) 
defined five dominance types in forests of northeast Iowa listed here in 
order of decreasing mesophytism. Acer type was dominated by ~. 
saccharum with Tilia americana and Quercus alba secondary in importance. 
This type was usually found on the most mesic and oldest sites. Tilia 
type was dominated by T. americana with lesser amounts of Carya 
cordiformis, Acer saccharum, and Quercus rubra, and was found on 
undisturbed mesic sites. Quercus rubra type was found in mesic sites 
with Acer saccharum of secondary importance. Quercus alba type was 
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found in dry sites with Quercus rubra as an important species. Pinus was 
found on xeric sites with q. alba as an important component. They 
concluded that succession in all types is toward the Acer and Tilia 
forest types. Parthenocissus was found to be the most important herb 
species covering an average of 12% of the forest floor. Acer saccharum 
dominated the shrub stratum followed by Fraxinus americana and Carya 
cordiformis. Acer, Tilia, and Ostrya were the most successful in 
attaining sapling height. 
Knutson (1979) reported four vegetation communities for Volga River 
State Recreation Area in northeast Iowa: primary upland forest, 
secondary upland forest, floodplain forest, and prairie. The vegetation 
of Pikes Peak/Point Ann State Park, also in northeast Iowa, was surveyed 
by Christiansen et al. (1980). Several communities were denoted: sugar 
maple-basswood, red oak-sugar maple, red oak-sugar maple-white oak, 
oak-hickory, streamside, floodplain, open woodland, old field-grassy, old 
field-early woody, old field-advanced woody, old field-plantation, 
prairie opening, and powerline right-of-way. They maintained that with 
sufficient time and in the absence of disturbance the dominant vegetation 
would become maple-basswood. 
A survey of Starr's Cave State Preserve (Lammers, 1980) for 
southeast Iowa recognized: alluvial woods, woods on east-, south-, and 
west-facing slopes, woods on north-facing slopes, rolling upland woods, 
dry wooded ridges and bluffs, prairie openings, second-growth woods, old 
pastures, disturbed bottomlands, dry exposed vertical limestone, and wet 
open margins of Flint Creek. Comparison of Starr's Cave to Woodman 
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Hollow, White Pine Hollow, and Brush Creek Canyon found Starr's Cave to 
have greater floristic affinities with Ozark Plateau flora or southern 
Appalachians than to the northern Iowa sites. 
Bach (1982) classified and ordinated vegetation of central Iowa 
forests. She distinguished three major groups: g. alba, g. rubra, and a 
mixture of g. alba and g. rubra. On mesic sites g. rubra was codominant 
with Acer nigrum and Tilia americana. On medium to xeric slopes g. rubra 
and g. alba were codominant. The relative abundance of T. americana, A. 
nigrum, and g. rubra decreased as the abundance of g. alba increased. 
Nine of the 30 plots Bach established were at the Ledges. The dominant 
types, based on basal area and cover, for plots at the Ledges were g. 
alba, Acer nigrum-g. rubra, g. rubra-Q. muehlenbergia, and Q. rubra-Tilia 
americana. 
The work of Curtis (1959) in Wisconsin is also important for 
comparisons with Iowa forests. Curtis described the southern forests of 
Wisconsin and classified them as mesic, xeric, and lowland. The mesic 
forests contained Acer saccharum, Tilia americana, Fagus grandifolia, 
Ulmus rubra, Quercus rubra, and Ostrya virginiana as the important trees. 
This type was confined to steep, north slopes. He found Erythronium, 
Dicentra, Clay tonia, Isopyrum, Arisaema, Asarum, Caulophyllum, Hepatica, 
and Podophyllum in the herb layer. He noted that the relatively low 
light intensity is an important factor for determining what will grow in 
the herb layer. He also observed that basswood tends to be more 
important in mesic forests of western Wisconsin. 
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The xeric forests of Wisconsin were dominated by g. alba, g. rubra, 
and g. velutina. Curtis noted that on the dryest sites g. macrocarpa, g. 
muehlenbergii, and Prunus serotina are important. In addition, Ulmus 
iubra, Fraxinus americana, Ostrya, Carya ovata, and Juglans nigra are 
important. Important herbs in the xeric forests are Podophyllum, 
Hydrophyllum, Desmodium, Parthenocissus, Circaea, Galium, and Geranium. 
More light penetrates the canopy in this type and influences the 
resulting ground cover. The dryest form of this type was found on the 
southwest slopes. 
The lowland forests were characterized by Aesculus glabra, Betula 
nigra, Gleditsia triacanthos, Salix nigra, Populus deltoides, Quercus 
bicolor, and Acer saccharinum. Herbs found in the lowland forest include 
Laportea, Urtica, Impatiens, Amphicarpa, Arisaema, Mertensia, 
Menispermum, Smilax, and Rhus radicans. 
From the foregoing studies, a general picture of central Iowa 
forests and their relation to the forests of eastern North America 
emerges. Central Iowa is in a transition area between the species rich 
deciduous forest of eastern Iowa, the oak-hickory dominated forests of 
the south, and prairie of the west. These three influences have produced 
in central Iowa forests composed primarily of oak and hickory, but with a 
large complement of eastern deciduous species able to survive because of 
the steep topography which creates mesic sites. The most xeric sites are 
exposed uplands where the prairie species are found. As compared to 
eastern forests, central Iowa forests have a distinctly greater dominance 
of xeric oak-hickory and prairie species. 
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Ledges State Park Studies 
The flora of the Ledges State Park has held the interest of many 
botanists including L. H. Pammel, C. E. Bessey, H. S. Conard, Ada Hayden, 
C. M. King, J. V. Ellis, W. A. Weber, E. Bissell, W. Diehl, R. Shimek, 
C. R. Ball, T. H. MacBride, and R. E. Buchanan. Pammel's study, with 
help from R. E. Buchanan and C. M. King, was the most ambitious of these, 
resulting in a sizable collection of plants from the Ledges deposited in 
the Iowa State Herbarium. 
Most early publications regarding the vegetation of the Ledges are 
brief descriptions noting the more unusual plants. In a survey of tree 
species occurring in Boone County, Pammel (1895) noted several species 
which were abundant near the Ledges. Pammel and King (1901) noted the 
occurrence of several species of ferns at the Ledges. In 1903, Pammel 
noted the destruction of forests due to grazing in the vicinity of the 
Ledges. He wrote: 
Ten years ago there were many beautiful trees of the Ulmus 
racemosa, corky bark elm, a tree it is true that reaches 
perfect development north, but here in the primitive or early 
times we had conditions favorable for its development. The 
owner of a part of this district saw revenue in pasturing the 
same and our trees are beginning to die. Out of the forty or 
more trees growing there only ten or twelve are precariously 
eking out an existence. In fact there is not a single thrifty 
tree in the lot today. 
Ulmus racemosa, as indicated subsequently by Pammel, is now recognized as 
Ulmus thomasii. This and other nomenclature changes are evident in the 
following review. Both common and scientific names have changed since 
the early 1900s. 
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In 1905, Pammel wrote about the unusual occurrence of Prunus 
pensylvanica, Populus grandidentata, and other northern species at the 
Ledges. He considered these also to be relicts of a flora once abundant 
in the region. 
Diehl (1915), a student of Pammel, published an extensive species 
list of the Ledges. This publication included comments on the occurrence 
of species in the park as well as collector and date of the collections. 
In addition to the species list, the results of a belt transect were 
presented. The position of the belt transect is not clear, but appears 
to have lain across the ridge which extends north from Reindeer Ridge 
(Figure 6). His noting of Dirca palustris on the north slope and 
Antennaria plantaginifolia on the south side supports this position. The 
transect was divided up into 13 plats and relative abundance of species 
was given by plats. Diehl's collection was housed at the herbarium of 
Iowa State College (Iowa State University) in Ames according to Diehl. 
However, much of this collection appeared to be missing when the present 
study was conducted (Appendix A), at least it was not found in the ISU 
Herbarium. 
In 1919, just prior to attainment of park status, several 
publications appeared regarding the unique vegetation of the Ledges. 
Pammel (1919) noted that the Ledges was one of the few places in Iowa 
where reindeer lichen occurs, a plant which covers such immense areas as 
in the artic. Henning (1919a) cited Pammel on the uniqueness of the 
vegetation in an article arguing for the need to preserve the Ledges as a 
state park. 
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. REINDEER RIDGE F1gure 6. Probable location otlhehP s transect (1915) 
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When I went there twenty-six years ago the small valley was 
heavily timbered, the most important trees were the corky bark 
elm, black maple, black walnut, slippery elm, basswood, and 
swamp ash. In the spring the wake robin occurred in large 
numbers in the humus. The moosewood, red cedar, buckthorn, pin 
cherry, ninebark, and dogwood were rather common over the hills 
or on the ledges. 
Today, however, these plants have become greatly 
diminished. The pin cherry only occurs in one place and 
comparatively few of the trees are left. The ninebark too has 
been reduced to a few plants on the edge of an almost 
inaccessible ledge. The buckthorn and moosewood have not been 
found recently. Only two of three red cedars are left--though 
at one time fairly common. 
It was not difficult in those days to find a few specimens 
every year of the yellow lady slipper; now, however, this plant 
is rarely brought to us. Down in the valley the ground was 
covered with the mayapple, the Indian turnip, and the dragon's 
head. These plants, though still occurring, are rare. 
Henning (1919b) also published a poetic description of the Ledges in the 
Ames Forester in which he repeatedly refers to the unique vegetation. 
Pammel (1925b) presented the park address when the Ledges was 
dedicated as a state park. He noted the unusual plants and stressed the 
need to preserve the park for scientific as well as aesthetic reasons. 
In a description of the plant life he said: 
We have here an island flora, not of course in a sense that 
this area is surrounded by water, but the plants are entirely 
separated from their relatives. Here you may find the walking 
leaf fern, the little polypody, the Woodsia, wake robin, 
jumiper (sic) moss, reindeer lichen, pale vetch, bastard toad 
flax, seneca snake root, chestnut oak, large toothed aspen, 
ninebark, pin cherry, and a few moccasin flowers, Indian pipe, 
etc. 
Shortly after the Ledges acquired state park status, several short 
notes appeared in the Bulletin of Iowa State Parks regarding the plants 
(Pammel, 1924a; 1924b; 1926; Iowa State Board of Conservation 1925a, 
1925b, 1926, 1927). Each of these reports point out the unusual 
assemblage of plants which are typical of the north woods. Pammel 
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(1924a) commented on the destructive effect of pasturing, noting the loss 
of several red cedars. He went on to describe the vegetation: 
This region contains many interesting plants, among which 
are the reindeer lichen which is rather rare in Iowa, the 
moosewood (Dirca palustris), buckthorn (Rhamnus lanceolata), 
such trees as the chestnut oak (Quercus acuminata), red, white, 
and bur oak (Q. rubra, Q. alba, Q. macrocarpa), white, green, 
and black ash (Fraxinus americana, ~. pennsylvanica, and ~. 
nigra), white basswood (Tilia americana), and the hard and soft 
maples (Acer nigrum, ~. saccharinum). There are three elms in 
the park; the slippery, American, or white, and corky bark elms 
(Ulmus fulva, ~. americana, and ~. thomasii), ironwood (Ostrya 
virginiana) and blue beech (Carpinus caroliniana), the black 
walnut (Juglans nigra), butternut (Juglans Cinerea), the 
hickory nut (Carya ovata), and pignut hickory (Carya 
cordiformis), almond, black, sandbar, prairie and pussy willows 
(Salix amygdaloides, ~. nigra, ~. fluviatile, ~. humilis, and 
~. discolor), the cottonwood (Populus deltoides), quaking aspen 
(Populus tremuloides), and large toothed aspen (Populus 
grandidentata), the beautiful typical Iowa crab (Pyrus 
ioensis). There are also several kinds of white thorn 
(Crateagus mollis, f. tomentosa, and f. coccinea), all blooming 
at different times, pin, choke, and black cherry (Prunus 
pensylvanica, ~. virginiana, and ~. serotina), and the American 
plum (Prunus americana). There are many interesting shrubs in 
addition to the moosewood and buckthorn, including the ninebark 
(Physocarpus opulifolius var. intermedius), wild roses (Rosa 
pratincola and Rosa blanda), lead-plant (Amorpha canescens), 
wild indigo (Amorpha fruticosa), the round-leaved dogwood 
(Cornus circinata), alternate-leaved dogwood (C. alternifolia), 
dogwood (f. amomum), and silky cornel (f. asperifolia). 
There are quite a number of boreal plants on the little 
hogback where Pease Creek makes a short turn, including seneca 
snakeroot (Polygala senega), milkwort (Polygala incarnata and 
~. sanguinea), the juniper moss (Polytrichum juniperinum), 
Indian tobacco (Lobelia inflata) and Lobelia spicata, 
everlasting, (Antennaria plantaginifolia), vetches (Lathyrus 
ochrolcucus and Vicia caroliniana). In the fall the same knoll 
is covered with asters and goldenrods. There are found many 
interesting ferns, as the little polypody (Polypodium vulgare) 
covering the sandstone rock is the most common, the interesting 
waking-leaf fern (Camptosorus rhizophyllus), the wood fern 
(Cystopteris fragilis), the woodsia (Woodsia obtusa), and 
maidenhair fern (Adiantum pedatum). 
In a booklet on Ledges State Park, Pammel et al. (1928) described 
the vegetation. Pammel distinguished Reindeer Ridge as a site which 
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contained plants rare to central Iowa. He listed species such as Ohio 
buckeye which is currently found near the Ledges, but has not been found 
in the park. The prairie willow is said to be rare and the chestnut oak 
was found on the knolls and a few on the floor of the valley. He noted 
that pin cherry was quite rare and found upon the slope of ledges along 
Reindeer Ridge. Regarding some of the shrubs he wrote: 
The leatherwood is a rather rare plant and occurs on north cool 
slopes. The flowers are yellow and come out in early spring 
before the leaves. The lance-leaved buckthorn also occurs. It 
is a rare plant. The related New Jersey tea, with delicate 
white flower, is common in open places. 
In addition to the native flora of the Ledges, some mention is made 
of introduced plants. Plants such as the shooting star, white pine, 
sycamore, nodding trillium are obvious introduced anomalies. In a short 
article Henning, the first park custodian, is said to have planted a 
number of trees near the parking lot and shrubs along the bank of Pease 
Creek (Pammel, 1926). What was planted is not stated, but this note 
confirms that Henning did indeed introduce several plants throughout the 
park. 
Throughout the literature are reports of two very large American elm 
trees in the park by the Des Moines River. A picture of one of these 
trees occurs in the Bulletin of Iowa State Parks (Trenk, 1925) with the 
following caption, "Trunk of one of the huge Iowa elms, over 12 feet in 
diameter, just north of the 16 to 1 bridge near Ledges State Park on the 
Des Moines River. This tree was destroyed by lightning." Henning 
(I919b) picturesquely referred to the two elms as the "Memorial Elm" and 
the "Old Bent Elm". The "Memorial Elm", according to Henning, was on the 
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west bank of the Des Moines River and measured over 20 feet in 
circumference. He says, "It takes four men, with hands clasped, to reach 
around the trunk; it is the largest and oldest tree in the Ledges park, 
its age having been estimated at 250 years, and should be enrolled among 
the memorial trees of Iowa." The "Old Bent Elm" was apparently damaged 
by a storm so had a knarled appearance and was 50 years younger than the 
"Memorial Elm". The following note re'garding the elms occurred in 1926 
(Iowa State Board of Conservation), "One of the most remarkable elms in 
the state occurs in this park about 1-1/2 miles down the stream from the 
sixteen to one bridge. This elm tree is one of the most magnificent 
specimens in the state." Short references to the huge elms in the park 
have been noted frequently (Iowa State Board of Conservation, 1927; 
Pammel, 1925a). Pammel et al. (1928) wrote of a giant elm nearly nine 
feet in diameter at the base. In 1943, the following note recorded the 
final episode of the elm trees (Harlan, 1943). 
The giant American elm in Ledges State Park, believed by Park 
custodian Floyd Morley to be the largest tree in the state, was 
recently seriously damaged by lightning. The bolt struck well 
up in the tree top, which was badly burned, and scarred 
considerable of the trunk proper. 
The elm, by measurement in 1942, was 123 feet tall, with 
an 86-foot spread. The circumference at the ground was 
slightly over 31 feet, and circumference at shoulder height 19 
feet 10 inches. 
Large trees are subject to lightning damage. A companion 
elm in the Ledges Park was destroyed by lightning a number of 
years ago; however, it will not be known until next spring 
whether the lightning bolt has had lethal effect on this 
landmark. 
Apparently, this elm also died as no further reports appear in the 
literature, nor is it present today. 
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Duvick and Blasing (1983) have dated several oaks throughout Iowa. 
They found the largest number of old trees in Iowa were at the Ledges 
State Park. White oaks were found to be over 300 years old, dating back 
to 1650. One chinkapin oak was found which dated back to 1675. 
The lichens at the Ledges, especially the reindeer lichen, have 
frequently been noted as unusual. In 1903, Miller published a listing of 
lichens of the Ledges with comments on occurrence. Juhl and Tiffany 
(1963) noted that Usnea and Ramalina were collected by Fink and Miller in 
1903 but have not been recorded since. Malone collected Usnea mutabilis 
in 1968 as recorded by a voucher in the Iowa State Herbarium. 
In 1934, Aikman studied the relationship of the stages of plant 
succession to soil erosion at the Ledges. He concluded that the 
vegetation of successive stages was progressively higher in amount of 
growth and that the depth of soil is progressively greater. The cover 
gradually increased from about 10% in the xerophytic herb and grass stage 
to 96% in the climax maple-linden stage. He found that the vegetation of 
each stage, with the possible exception of xerophytic grass and herb 
stage, had sufficient erosion prevention capacity to control erosion on 
45% slopes. He proposed a successional sequence as seen in Figure 7. No 
reason is apparent for the displacement of the fern stage in the 
succession. Conard (1952) pointed out that Aikman did not intend to 
infer that this sequence occurred everywhere in the park. Rather that 
there were a number of plant communities differing in complexity and 
permanence which Aikman had listed in order of complexity and 
advancement. 
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LINDEN-MAPLE 
Tilia americana Acer nigrum 
t 
OAK-HICKORY 
Quercus alba Quercus maxima 
Carya ovata Carya 
Quercus macrocarpa 
cordiformis 
l' 
MESOPHYTIC SHRUBS 
Corylus americana Zanthoxylum americanum 
Celastrus scandens Ribes gracile 
Viburnum affine 
t 
XEROPHYTIC HERBS AND GRASSES 
Antennaria plataginifolia Aristida sp. Carex sp. 
Thalictrum dioicum 
FERNS 
Camptosorus rhizophyllus 
Polypodium Virgini~ 
MOSS 
Polytrichum juniperianum Catharina undulata 
Bartramia pomiformis 
l' 
FOLIOSE LICHENS 
Physcia sp. Cladonia sp. 
i 
CRUSTOSE LICHENS 
Lecidia sp. Coniocybe sp. 
Figure 7. Successional sequence for the Ledges from Aikman (1934) 
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Kucera (1950, 1952) studied the composition and microhabitats of 
hardwood communities at the Ledges and noted variation in physical and 
chemical properties of soil profiles. He found that stand densities 
varied from 41 to 416 trees per acre. The low density stands were 
disturbed open woods. The average basal area was 49.7 to 85.3 square 
feet per acre. Quercus alba and q. rubra dominated the uplands sites 
with Tilia americana and Acer nigrum in the more mesic sites. In 
microclimate studies, he found warmer air and soil temperatures and 
greater evaporation in open woods than in closed stands. He found the 
soil moisture to be deficient in the upper profile during July and August 
in open woods. The greatest variation between closed and open stands was 
shown in a shallow surface zone of the soil profile. Total nitrogen and 
organic carbon were highest under closed stands except on steep slopes. 
Grass in the open stands increased the depth of maximum organic 
accumulation. Kucera concluded that physical soil conditions in soils 
were more favorable to plant growth under closed stands than under open 
woods with sod cover due to the increased aeration porosity and decreased 
volume weight of the surface horizons of the former. 
Bach (1982) established nine woodland study plots at the Ledges in 
an ecological analysis of central Iowa forests. She found species 
richness to vary from 34 species in a white oak stand to 51 in a red oak 
stand. 
The Ledges restored prairie was the first prairie to be 
reestablished in Iowa. J. Aikman, M. Tarr, and A. Hayden reseeded the 
prairie in 1949 with prairie grasses (Landers et al., 1970). In a letter 
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to the Iowa Conservation Commission in 1943, Ada Hayden, Iowa State 
University, said: 
There are prairie openings on the ridges, especially Reindeer 
Ridge, where one may still see diminutive prairies 2 feet in 
width by 20 or more feet long. Since they are on or near 
trails they are in danger of disappearing through wear, but yet 
they exist in the midst of forest where environmental 
conditions are favorable. 
There are no obvious prairie openings on Reindeer Ridge in existence now. 
On the westernmost end of the ridge there is an area of very young 
Ostrya. This may have resembled a prairie opening which Hayden refers 
to. 
From the foregoing, it is apparent that the Ledges vegetation has 
undergone considerable change in historical time. Though still 
remarkably similar to eastern and northern forests, it was much more 
similar in the past. Individual species and communities have been lost 
due to logging and other human activities. Some areas were damaged more 
severely than others and recovery has been slow. Succession has 
developed distinctive new vegetation types in accordance with topographic 
features and the microhabitats they provide. In some areas, the 
vegetation may return to its original state. In other areas, the 
vegetation will never return to its original state because the conditions 
under which it first became established cannot be replicated. Most of 
the previously reviewed literature deals with the main canyon which was 
and still is an area of exceptional botanical interest. 
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Vegetational History 
Current distributions of plants depend on historical environments as 
well as modern environments. To comprehend the significance of the 
present vegetation of Ledges State Park, it is necessary to look at the 
history of past floras and environments that existed in the area. Of the 
three primary flora elements -- eastern mesophytic species, xerophytic 
prairie species, and northern boreal species -- the first two elements 
are of pre-Pleistocene origin. 
Pre-Pleistocene 
Elements of our modern-day flora began to appear at the close of the 
Mesozoic Era (Table 2). Prior to this, pteridophytes and gymnosperms 
flourished as the dominant plant life. By the end of the Cretaceous 
Period (at the close of the Mesozoic Era), the angiosperms had become the 
dominant vegetation in North America and throughout the world. There 
were primarily woody tropical species in southern North America with 
temperate species ranging much farther north than at present. Tropical 
plants could be found as far north as coastal Oregon and Washington 
(Chaney, 1947). Iowa, during this period, was situated on the eastern 
shore of an epicontinental sea which divided North America from north to 
south. The flora of Iowa at this time was probably composed mostly of 
temperate species along with some tropical species (Chaney, 1947). Late 
in the Cretaceous, continental uplift occurred, draining the 
epicontinental sea and initiating the "Schooley" cycle of erosion which 
would continue through the Miocene Epoch of the Cenozoic Era (Braun, 
1950). 
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Table 2. Geologic time periods (after Kulp, 1961) 
APPROXIMATE NO. 
ERA PERIOD EPOCH OF YEARS AGO 
Cenozoic Quaternary Holocene (Recent 
Pleistocene (Glacial) 1,000,000 
Tertiary Pliocene 
Miocene 
Oligocene 
Eocene 
Paleocene 63,000,000 
Mesozoic Cretaceous Upper 
Lower 135,000,000 
Jurassic Upper 
Middle 
Lower 180,000,000 
Triassic Upper 
Middle 
Lower 230,000,000 
Paleozoic Permian Upper 
Lower 
Pennsylvanian Upper 
Carboniferous 310,000,000 
Mississippian Lower 
Carboniferous 355,000,000 
Devonian Upper 
Middle 
Lower 405,000,000 
Silurian 425,000,000 
Ordovician Upper 
Middle 
Lower 500,000,000 
Cambrian Upper 
Middle 
Lower 600,000,000 
Precambrian Proterozoic 2,500,000,000 
Archeozoic 4,600,000,000 
During the early Tertiary Period, temperate mesophytic forests were 
present throughout the northern hemisphere extending from approximately 
the latitude of Iowa northward to the Arctic Circle (Chaney, 1947). This 
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flora is known by phytogeographers as the Arcto-Tertiary Flora. Many of 
the fossils found in the Eocene floras represent families and genera 
similar to those in our present-day flora (Berry, 1930; Cain, 1943). 
Temperate trees such as Acer, Aesculus, Alnus, Carpinus, Carya, Castanea, 
Fagus, Fraxinus, Ginkgo, Juglans, Salix, Sequoia, and Taxodium could be 
found as far north as Greenland and Alaska (Berry, 1930; Braun, 1950; 
Chaney, 1940). Farther south in the Gulf states and along the west 
coast, temperate genera were mixed with tropical genera such as 
Artocarpus, Annona, Cinamomum, Engelhardtia, Ficus, Nipadites, Sabalites, 
and Sterculia (Berry, 1930; Braun, 1950; Chaney, 1940). 
A gradual progression toward warmer conditions in North America 
peaked in the Oligocene Epoch at which time a gradual lowering of 
temperature began. This trend continued through subsequent epochs to 
culminate in Pleistocene glaciation. The drop in temperature caused 
broad transcontinental belts of vegetation to migrate southward. The 
Arcto-Tertiary Flora began to move south, leaving a conifer forest behind 
composed predominantly of Picea. 
In the east, uplift and warping of the Schooley erosion surface 
initiated a new cycle of erosion. Deep canyons and coves eroded into 
this surface and created rich protected habitats that have persisted to 
the present (Braun, 1950) and probably provided refuges for temperate 
species during the Pleistocene Epoch. In these areas, "cove hardwood" 
forests are the best remaining examples of the once widespread Arcto-
Tertiary forests (Braun, 1950; Cain, 1943). 
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Also in the Oligocene, renewed uplift of the Rocky Mountains began 
to affect the mid-continental vegetation by intercepting the moisture-
laden winds from the Pacific Ocean and creating a rainshadow to the east. 
Developing mountains at first caused the elimination of mesic species and 
formation of dry savanna-like forests in the present-day Great Plains. 
As drying conditions intensified, xeric species well-adapted for this new 
environment migrated in from northern Mexico (Chaney, 1947). This xeric 
flora is known as the Madro-Tertiary Flora. With the added influence of 
uplift in the Cascade and western coastal mountain ranges, areas of dry 
grassland and desert scrub coalesced and spread throughout the present 
area of the Great Plains and intermountain west by the mid-Pliocene 
Epoch. 
There is little evidence as to where the grasses of the Great Plains 
originated. Chaney (1947) states that some species may have developed in 
the north and migrated southward along with the Arcto-Tertiary Flora. 
Some species of the tall grass prairie may have originated on the eastern 
coastal plains and migrated west (Braun, 1950; Wells, 1970b). 
In summary, at the close of the Tertiary, just prior to glaciation, 
the once widespread, rich, mixed mesophytic forests were restricted to 
protected coves and canyons in the eastern United States. Due to the 
generally cooler and dryer conditions westward, a more drought tolerant 
"oak-hickory" element of the Arcto-Tertiary Flora had expanded to occupy 
dryer uplands and oak, hickory, and chestnut came to dominate much of the 
eastern deciduous forests. These forests prior to glaciation are thought 
to be very similar to what currently exists in the eastern United States, 
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and it is likely that Iowa's flora then was similar to its present flora 
except for the absence of boreal elements. These elements first entered 
Iowa early in the Pleistocene Epoch then were replaced several times by 
the glacier itself. 
Pleistocene and Holocene 
Shortly after the final retreat of the glaciers (approximately 
14,000 years ago), the boreal or northern element of the Ledges flora 
became established for the last time in central Iowa. The last stage of 
Pleistocene glaciation extended approximately to Des Moines, Iowa, where 
the Cary lobe of the Wisconsin glaciation was at its maximum extent 
(Ruhe, 1959; Ruhe et al., 1957; Wright and Ruhe, 1965). 
Among phytogeographers some controversy exists as to what the 
vegetation surrounding the Pleistocene glaciers was like. It is agreed 
that there were zones of tundra and boreal forests bounding the glaciers 
but it is difficult to ascertain just how far south these zones extended 
and how complete their dominance was. Tundra herbs are not recorded in 
pollen profiles for Iowa although they appear to have been present in 
some areas of northern Minnesota, Wisconsin, and Michigan (Wright, 1976, 
1981). Early stages of succession, such as the tundra, may have been 
present but poorly represented in pollen profiles due to absence of 
suitable deposition sites (Wright, 1976). 
It seems clear that following Wisconsin glaciation the Iowa 
landscape was soon dominated by Picea (Baker and Van Zant, 1980; Baker 
et al., 1980; Brush, 1967; Durkee, 1971; Lane, 1931; Van Zant and 
Hallberg, 1976; Walker, 1966; Walker and Brush, 1963). In addition, 
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pollen profiles show northern species such as Abies and Larix. The 
spruce forests contained deciduous trees such as Quercus, Ulmus, 
Fraxinus, Ostrya, Corylus, Betula, and Alnus in small amounts (Brush, 
1967; Wright, 1970). Baker et al. (1980) have reported macrofossils of 
Quercus rubra and Corylus cornuta in Iowa. Wright (1970) attributed the 
occurrence of pollen of these deciduous species to the presence of minor 
stands throughout the spruce forests rather than to long-distance 
transport. 
Pinus pollen is present throughout Iowa pollen profiles in small 
amounts. Most authors feel that this was due to long-distance transport 
by wind and that pines are probably more recent migrants from refugia in 
the Appalachian Mountains (Baker and Van Zant, 1980; Baker et al., 1980; 
Webb, 1981; Wright, 1970, 1976). Durkee (1971) however, found pine 
pollen percentages as high as 30% in Hancock County, Iowa, 8,000 years 
ago and suggests that Pinus grew in the area and was not entirely a 
result of long-distance transport by wind. Durkee concluded "that Pinus 
and Pinus banksiana in particular did survive the Wisconsin glaciation in 
some areas of Iowa, but not in sufficient numbers to provide the 
reservoir which the Appalachian Mountains are believed to have provided 
in the East". Baker et al. (1980) and Van Zant and Hallberg (1976) 
believed that there was no pine in the spruce forest. There did not in 
any event appear to be as much pine in the spruce forests 14,000 years 
ago as exists today in boreal forests. 
Following the spruce forest a deciduous forest dominanted around 
8,000 years ago. At this time, oak pollen is found in large quantities 
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along with elm and hickory (Baker and Van Zant, 1978; 1980; Baker et al., 
1980; Brush, 1967; Durkee, 1971; Lane, 1931; Van Zant and Hallberg, 1976; 
Walker, 1966; Walker and Brush, 1963). 
Grasses are evident throughout pollen profiles but increase markedly 
in abundance around 7,000 years ago. At this time, oak pollen could 
still be found in small quantities. A warmer and dryer period, called 
the hypsithermal interval, extended from 8,000 to 4,000 years before 
present with a peak at 7,000 years ago (Wright, 1976). During this time, 
the prairie spread eastward, aided by the warm, dry climate. The 
frequency of arboreal pollen decreased during this interval. Prairie 
presumably spread throughout the uplands to the demise of oak-upland 
forests. It is during this dry interval that the goat or hill prairies 
at the Ledges originated. Prairie was found throughout the uplands and 
in some instances became established on dry, steep, south-facing slopes 
which were too dry for trees. 
Wells (1970a; 1970b) maintains that climate is not the only factor 
involved in the transition of woodland to prairie. He cited the regional 
flatness and continuity of the physiography and the fuel-producing annual 
dieback of grasses with resultant fires as important factors as well. 
Fires were ignited both by lightning and through the hunting methods of 
presettlement man. As a result, woodlands became even more restricted to 
ravines where the topography was dissected and provided protection from 
fire. Whether mesic forests could have survived in these protected areas 
throughout the hypsithermal interval is open to question. Baker and 
Van Zant (1980) have found seeds of Celtis occidentalis during this 
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period and hypothesized that such mesic species persisted throughout the 
hypsithermal in these protected areas. 
In the upper strata of Iowa pollen profiles, arboreal pollen, 
especially Pinus, increases from about 3,000 years ago (Baker and 
Van Zant, 1978; Brush, 1967; Durkee, 1971). The significance of this 
shift to arboreal pollen is not fully understood. Most workers attribute 
it to the return of a climate wetter than the hypsithermal. 
This sequence of vegetation changes is generally accepted. 
Controversy occurs when one considers how widespread and thorough these 
changes were. In the last 30 years, palynological evidence has 
increasingly been used in an attempt to answer this question. However, 
opponents as well as proponents of palynology cite several problems in 
the use of pollen assemblages to deduce vegetation patterns over large 
areas. Because of the relevance of Pleistocene events to interpretation 
of the present Ledges flora, it is important to examine these problems. 
Vegetation interpretation from pollen profiles is based on the 
assumption that these profiles reflect large areas of vegetation even 
though the lateral limits of pollen dispersal in these forests are 
unknown. Webb (1981) stated "pollen sequences from lakes integrate the 
long-term vegetational changes of 100 to 1,000 km2 about each site", 
whereas Tauber (1967) argued that "pollen carried through the vegetation 
will be subject to differential filtering, which may give rise to varying 
degrees of distortion of the pollen spectra, depending on the density of 
the vegetation". Thus, it is difficult to extrapolate vegetation 
patterns to areas away from the immediate area of pollen deposition. 
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Pollen profiles do not allow for detailed inferences regarding the 
community structure within a forest. For example, whether deciduous 
genera in the spruce forest were present as scattered individuals or as 
isolated communities away from bogs where pollen deposition was occurring 
cannot be said for certain. 
A further problem of vegetation interpretation using palynology is 
the validity of comparison of pollen assemblages to present-day plant 
communities (Davis, 1969). Post-glacial plant associations may not 
necessarily have experienced the same climate that similar associations 
are found in today. Thus, dominance by spruce 14,000 years ago may not 
indicate a climate as cold as that found in present spruce forests. 
Other problems include differences between species in the amount of 
pollen produced, resistance to decay, and the dependency of pollen 
concentration on the yearly influx of sediment relative to the yearly 
influx of pollen (Davis, 1969). Peck (1980) maintained that 
palynological studies have overemphasized prairie expansion during the 
hypsithermal. He stressed the possibility that although uplands were 
probably prairie, a diversity of environments and communities could have 
persisted in areas with steep topographic relief. 
For interpretation of the Ledges flora, the most important point 
here is that pollen profiles do not exclude the possibility that mesic 
eastern and northern communities could have existed in the protected 
Ledges canyon continuously from the time of their first post-glacial 
establishment to the present time. 
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In addition to palynological evidence, current distributional 
evidence is helpful in reconstructing the revegetation subsequent to 
glaciation. At the Ledges, Dirca palustris (Leatherwood), Ulmus thomasii 
(Rock Elm), Elymus riparius (River Wild Rye) and Matteucia struthiopteris 
(Ostrich Fern) are disjunct from their eastern and northern 
distributions. The occurrence of these species in central Iowa suggests 
that the Ledges and similar habitats along the Des Moines River served as 
mesic refuges for northern and eastern species. Whether such species 
have in fact existed here since shortly after deglaciation or whether 
they have migrated recently over long distances is a critical question 
that has received considerable attention. 
Pammel and King (1901) and Pammel (1905) were the first to note 
similar northern species in isolated spots in central and northeast Iowa. 
Species lists and comparisons were made pointing out the similarities of 
floras of sandstone outcrops such as those at the Ledges in Boone County, 
Woodman Hollow in Webster County, Iowa River in Hardin County, and 
northeast Iowa. Pammel (1905) observed that communities of northern 
herbaceous species were found at the southern and western extent of their 
range at the Ledges. In discussing these "interior northern islands", 
Pammel stated, "It seems to me that flora found at several different 
points of the region here considered are relicts of a flora once abundant 
in this region"; 
Gleason (1922) concurred with Pammel, stating that these northern 
species were relicts of the boreal forest surrounding the glacier. He 
postulated that the deciduous forest followed the boreal forest in 
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immediate succession northward and that although mesic forests were 
largely obliterated in western Iowa during the hypsithermal and replaced 
by prairie, elements of this forest survived in protected canyons such as 
the Ledges. 
Gleason's hypothesis was rejected by Shimek (1948) who did not 
accept the early pollen record as evidence of coniferous forests in Iowa 
(Lane, 1931). Shimek argued that conifer pollen is light and easily 
transported and that occurrence of small local populations could 
adequately explain the presence of conifer pollen in any profile. Shimek 
hypothesized that prairie directly succeeded the glacier. Regarding the 
northern species he wrote, "The thousands of years which have elapsed 
since the disappearance of the last Wisconsin glacier from Iowa have 
given ample time for migration and adjustment of the major floras as well 
as for the casual introduction of individual species or ecologically 
related small groups of species which form isolated colonies". 
Macrofossil evidence has clearly shown (Ruhe, 1959) that Shimek was wrong 
in regard to the early establishment of coniferous forests, however his 
contention of recent introduction of the present elements cannot be so 
easily rejected. 
Like most recent workers, Eilers (1965) accepted an early boreal 
forest, but felt that it is unlikely that northern communities could have 
persisted in central Iowa during the hypsithermal. He supported the idea 
of the origin of northern elements in Iowa via long-distance dispersal, 
maintaining also that there has been enough time since the hypsithermal 
for northern species to disseminate to central Iowa. 
45 
Conard (1952) concurred with Gleason (1922) viewing the northern 
disjunct communities as relicts. He referred to these areas as boreal 
communities and attributed their occurrence to the uniqueness of the 
surrounding environment. 
Niemann (1975) also felt that these northern communities are true 
glacial relicts. He stated: 
A case in point is the Ledges in Boone County, about 100 km to 
the west of the nearest native pine stands. There are similar 
sandstone bluffs where one would expect to find pine, but there 
is none there. The distance of migration is too great. 
However, the habitat is unquestionably favorable to pine. 
Several pines have been planted in the park and are now 
producing seed. At least two pine seedlings are well 
established on the bluffs, and doubtless will reach maturity 
unless vandals destroy them. It has taken perhaps 10 to 20 
years for these seedlings to get established from seed trees a 
few hundred to about 1000 m away. Since migration becomes 
increasingly unlikely the farther one is from a seed source, it 
is highly unlikely that pine seeds would have gotten from 
Hardin County to Boone County with no favorable habitat in the 
100 km gap. 
The seedlings Niemann referred to are probably in the vicinity of the 
unique lichen-bryophyte communities in Reindeer Ridge. The planted pines 
are along the Hutton Memorial Trail across the canyon. The seeds quite 
possibly may have been spread by man, but the fact that they have become 
established attests to the favor"ability of the habitat. While it is 
likely that two seedlings exist, I located only one white pine seedling 
approximately three inches tall. It is located in a dense mat of 
Cladonia and bryophytes and appears to be in good health. The 
significance of these seedlings relative to the question of the origin of 
northern elements in the Ledges is the indication that although present 
habitats are suitable for growth and reproduction of white pine, this 
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species did not occur at the Ledges prior to its introduction by man. 
This indicates that, contrary to the suggestions by Shimek and Eilers, 
long-distance dispersal of such species is not a satisfactory explanation 
of their present distribution. If it was ever present at the Ledges, 
white pine was probably eliminated during the hypsithermal and was unable 
to return via natural dispersal even though it occurs naturally as near 
as Hardin County, Iowa. 
Studies of current microclimate moderation in canyon habitats have 
provided insight into the possibility of mesic species having survived 
the hypsithermal period. Plouffe (1977) studying Iowa River in Hardin 
County and Peck (1980) studying Woodman Hollow in Webster County 
independently concluded likewise that the unique vegetation of these 
sites has persisted in moderated microhabitats since glaciation. 
Regarding Betula papyrifera Plouffe (1977) stated that "Sitting on cool, 
shaded N-facing bluffs enables populations of these temperature-sensitive 
species to survive in an area where the regional macroclimate would 
otherwise be limiting". 
Peck (1980) documented the ground level microclimate of several 
sites at Woodman Hollow State Preserve. He used exposure, cover, and 
temperature to evaluate microhabitat diversity and moderation. He found 
a high degree of moderation under rock exposures, north slopes, and the 
floodplain where snowcover persists longest. Temperatures on steep, 
north slopes averaged about 10°F (6°C) cooler than the surrounding area. 
Lower temperatures in turn cause less evaporation and allow development 
of more mesic vegetation on north slopes than occur elsewhere in the 
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general area. The least moderated station was a hill prairie which 
showed the most extreme high and low temperatures. 
A similar degree of climatic moderation undoubtedly occurs at the 
Ledges which is very similar to Woodman Hollow geologically and 
floristically. Kucera (1950, 1952) studied the microclimates at Ledges 
and found that the maximum temperatures of air and soil surface were 
consistently higher in open woods of upland and south-facing slopes than 
in closed stands of north-facing slopes. In closed canopy, soil 
temperatures averaged 10 to 15°F less than air temperatures. He found 
that the evaporation was lower under closed stands and was lowest in 
areas where the slope aspect as well as canopy offered protection. He 
also documented the fact that snow remained on north slopes longer than 
on south slopes. In an older study, Aikman and Smelser (1938) found the 
average air temperature for the growing season was lowest in the maple-
basswood association. 
The northern species of the Ledges are found primarily on the north-
faCing slope of Reindeer Ridge. A few are found in the vicinity of the 
Lower Ledges and Walking Fern Hollow. The depth, aspect, and steepness 
of these areas provide moderate mesic microhabitats suitable for the 
persistance of such northern species. Species such as Tilia and Acer can 
also be found on these north slopes attesting to the mesic conditions. 
These areas contrast with the oak-hickory forest of uplands and south-
faCing slopes throughout the park. 
It is significant that the number of northern mesic species at 
WOOdman Hollow and Ledges State Park is greater among the smaller 
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vegetation types. This is attributable to the greater moderation of 
small microclimates. For example, trees are subject to greater climate 
extremes than are mosses near the ground surface. Few northern tree 
species are present at the Ledges, either having been unable to survive 
past changes in climate or to return to the Ledges under the present 
climate. Ulmus thomasii and Fraxinus nigra occur throughout Iowa, but 
are perhaps the best representatives of more northern tree species 
(Figures 8-9). As one looks at smaller plants, more species which are 
northern are found. Shrubs such as Dirca palustris, Cornus rugosa, and 
Prunus pensylvanica are not typical of central Iowa woodlands 
(Figures 10-11). These species and herbaceous species such as Galium 
boreale, Elymus riparius, and Matteucia struthiopteris have distributions 
which are distinctly more northern and eastern (Figure 12). 
The bryophytes and lichens, because of their size, can grow in areas 
most highly modified as to climatic extremes and thus can avoid extremes 
in heat or drought larger plants cannot. The bryoflora of Woodman Hollow 
was found to be a sensitive indicator of microhabitat moderation, listing 
79% of the species as disjunct or as the western border of eastern and 
northern ranges (Peck, 1980). Peck allowed that part of this flora may 
be recent but that the development of such a large bryoflora by long-
distance dispersal in the 3,000 years since the hypsithermal is unlikely. 
Dunlap (1979) noted that the Ledges, along with Hardin County, Dolliver 
State Park, and Woodman Hollow, are the richest lichenological areas in 
central Iowa. He too felt that these are relicts of the once vast 
deCiduous forest and possibly the boreal forest. Although a bryoflora 
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Figure 8. Distribution of Ulmus thomasii based on voucher specimens in 
the Iowa State University Herbarium, and Little (1953). Star 
represents Boone County 
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Figure 9. Distribution of Fraxinus nigra based on voucher specimens in 
the Iowa State University Herbarium, and Little (1953). Star 
represents Boone County 
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Figure 10. Distribution of shrubs based on voucher specimens in the Iowa 
State University Herbarium and University of Minnesota 
Herbarium. Star represents Boone County 
A. Dirca palustris 
B. Cornus rugosa 
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Figure 11. Distribution of Prunus pensylvanica based on voucher 
specimens in the Iowa State University Herbarium, and 
Little (1953). Star represents Boone County 
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Figure 12. Distribution of herbaceous species. Star represents 
Boone County 
A. Ga1ium borea1e - Distribution based on voucher specimens 
in the Iowa State Herbarium 
B. E1ymus riparius - Distribution based on Gabel (1979) 
C. Matteucia struthiopteris - Distribution based on Peck 
(1978) 
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analysis of the Ledges has not been undertaken, species such as Climacium 
americanum and Pleurozium schreberi were noted and are northern and 
eastern species (Figure 13). Among the lichens, Cladonia best represents 
a genus with the greatest development in the northern climates. 
The sUitability of mosses, lichens, and ferns for study of flora 
origins may be questioned by some. Because of their small size, 
production of spores as propagules, and ability to reproduce asexually, 
these plants have slightly different restraints on their distribution 
than do seed-producing plants. However, these plants show the same 
distributions and disjunction patterns as do seed plants (Schofield and 
Crum, 1972; Wagner, 1972). Thus, their migrations appear to have been 
subject to the same topographic and climatic constraints as those of 
larger plants. Crum (1972) argued against effective dispersal over long 
distance citing the variability of winds, spore longevity as affected by 
climatic regimes, sporophyte morphologies and dispersal mechanisms, and 
the ecological specificity of bryophytes. Working with pteridophytes, 
Peck (1980) found that spore dispersal mechanisms favored retention of 
most spores within the local area rather than dispersal to upper air 
currents. Trapping spores of eight species of ferns indicated that 86% 
of the spores were deposited in the lowland stations of Woodman Hollow. 
According to Peck (1980), "Spore dispersal is limited, with few spores 
likely to be dispersed far from the source plants, and even fewer likely 
to leave Woodman Hollow." 
Considering the evidence discussed above, we may return to the 
question of whether these disjunct species of northern affinities are 
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Figure 13. Distribution of bryophytes based on data in Peck (1978). 
Star represents Boone County 
A. C1imacium americanum 
B. P1eurozium schrieberi 
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more plausibly explained as relicts of the early boreal forest or as 
recent migrants arriving after the hypsithermal interval. Palynological 
evidence clearly indicates the presence of a boreal periglacial 
vegetation succeeded by a deciduous forest and eventually prairies. 
During the hypsithermal, prairies expanded at the expense of mesic 
species which would have become increasingly restricted to ravines such 
as in the Ledges. Microclimate moderation in these ravines must have 
been present during the hypsithermal to the same relative degree as it 
exists today. It seems likely that mesic species would have had little 
difficulty surviving the hypsithermal in the cool, wet microclimates of a 
north slope. Species of smaller stature would have benefitted most from 
microclimatic moderation and would have survived in the greatest numbers. 
To the contrary, it seems less likely that long-distance dispersal can 
fully account for the diverse and large number of unusual species 
occurring in these moderated ravines such as the Ledges and Woodman 
Hollow. 
It seems probable then that the Ledges, with so many disjunct 
northern species, contains relicts of the northern forests which were in 
Iowa shortly after deglaciation. As the climate changed, most of the 
boreal plants of the spruce-fir forest migrated northward. Remaining 
boreal plants persisted where the microclimate was favorable as the 
deciduous forest moved in and as the hypsithermal passed. It seems 
plausible that boreal species which became established early after the 
glacier retreated are still present in the protected canyon habitats of 
the Ledges State Park. 
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Post-Settlement History 
At the time of European settlement in North America, Sauk and Fox 
Indian tribes inhabited the Ledges area. The Indians are reported to 
have used the sandstone outcrops as lookouts for protection (Pammel 
et a1., 1928). 
The Ledges is said to have been discovered in the 1830s by Captain 
Nathan Boone, youngest son of Daniel Boone. In 1846, the first settlers, 
John Pea and James Hull, settled on a tract of timber near the Ledges. 
The timber resources of the Ledges and Des Moines River corridor were 
probably well used as evidenced by the early building of a sawmill. In 
1853, W. D. Parker and James Hull built a sawmill on Pea's branch, now 
known as Pease Creek. In the early 1850s a grist mill was built on Pease 
Creek near what was the old north boundary of the park (Goldthwaithes, 
1974). Also in the Ledges was the Beulah Home, a "home for tired mothers 
and children" (Boone News Republican, 1910). The Ledges environment was 
considered beneficial for restoring health. 
In the late 1800s and early 1900s, the Ledges became a popular spot 
for picnicking and sightseeing. In 1913 and again in 1914, Pammel noted 
the need to preserve such popular spots as the Ledges. Henning (1919a, 
1919b) pleaded romantically for the need to preserve the "Ledges 
wonderland". 
In 1919, a motion was adopted by the State Board of Conservation 
that the Ledges be considered worthy of state park status (Pammel, 
1925b). Following this, investigations were made and negotiations to 
acquire the land began. The state appointed Carl Fritz Henning to act as 
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custodian of the park in 1921. The park, containing 644 acres, was 
formally dedicated in 1924. 
Henning contributed greatly to the preservation of the park. His 
reverence for the park and its animals, birds, and plantlife is evident 
in his writings (Henning, 1919a; 1919b; Pammel et al., 1928). 
In 1923, Ledges was the fourth most popular park in the state 
according to attendance with 41,475 visitors (Iowa State Board of 
Conservation, 1923). By 1930, the park received 213,690 visitors, the 
second highest state park attendance. By 1973, 511,360 people visited 
the park. Park use dropped dramatically the following year when the 
canyon road was closed. In 1976, there were 129,132 visitors to the park 
(Iowa Conservation Commission, 1978). 
In 1922, the canyon road was completed. It was constructed to 
harmonize with the scenery of the Ledges (Iowa State Board of 
Conservation, 1925a). In the 1930s the Civilian Conservation Corps (CCC) 
built numerous structures throughout the park. Most noticeable of these 
are the stone bridge and concession stand built from log and stone found 
in the Ledges area. Other structures developed by the CCC were latrines, 
entry gate structures, trails, bridges, cabins, roads, parking areas, and 
the small dam which retains Lost Lake. 
Additional park land was acquired in the 1930s and 1940s so that by 
1945 there were 860 acres in the park (Iowa Conservation Commission, 
1978). In 1979, 385 acres of land were deeded to the state in exchange 
for 128 acres of floodplain land conveyed to the federal government. 
This brought the total acreage for the park up to 1,117 acres. The land 
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acquired in this recent exchange is shown in Figure 14. Most of the 
recently acquired land is now forested, but had been previously 
farmsteads, pastureland, and cultivated cropland. Parts of it have been 
severely grazed. 
Documenting past land usage is difficult. Most of the park has 
probably been subject to logging and grazing but when and where these 
events occurred is conjectural. Most, if not all, of the park was 
timbered prior to attainment of park status. A photograph taken in the 
early 1900s was supposedly taken just after the main canyon had been 
logged (Figure 15). 
The following reconstructions of park history are taken from an 
interview with Don Hull, a descendant of James Hull, as recorded by 
Ken Ruhnke. Hull described the park as he remembered it. 
There was Old Man Deboer's place, and he owned a good share of 
the lower part of the Ledges, at that time. Now, it was all 
open. He bought a bunch of sheep and herded them up through 
the Ledges, and they cleaned up all the underbrush and 
everything. And, it was really pretty near like a lawn, the 
lower part of course. 
Referring to Lost Lake and Lost Lake "Prairie" he said, 
Cause we use to farm that. That made an awful good potato 
patch. It was kind of peat and there's always been a kind of 
pond. But one of the fellows that lived there, Stevens was his 
name, put a tile from there right down in the hollow there, 
where the dam is now and drained it, see. But we farmed it for 
years, where the lake is. And you notice those rocks rolled 
out of the field. That one hill that's got the redbuds on it, 
oh boy! That was quite a place, come down off that with 4 
horses on a binder. They'd better be runnin' when they hit the 
bottom or they'd get bound! We farmed all that. Now they got 
a sign down there that says "Virgin Prairie". 
When asked about the possibility of virgin timber in Walking Fern Hollow 
he replied, 
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Figure 14. Map of recent land acquisition for Ledges State Park 
Old park boundary 
Current park boundary 
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70 
There's a possibility that there's some in that big hollow to 
your right as you are coming down in there. There's quite a 
deep hollow there. There's possibly some in there. Very 
little, because they took it out for firewood. You see, any of 
the trees that grew down in those canyons, hollows, that's what 
we call them here, grew very tall and now very very big 
around .... There may be some of the old original trees, but 
it's very doubtful that there'd be any virgin timber left in 
that area. 
Recalling some of the unusual plants he says, "there's some gensing (sic) 
up there. And the wild orchid. The lady slipper." He noted the 
occurrence of leatherwood in Walking Fern Hollow. Commenting on the 
wildflowers he says: 
They pastured these places too close and that got rid of a lot 
of that stuff. But, it's coming back. It's surprising I found 
a lot of lady slipper, or a wild orchid, down in there and I 
know it had been pasture just as bare as this rug for years and 
years, but now then I found one here a few years ago when I was 
hunting mushrooms and it had come back. 
From this and similar accounts, it may be concluded that the Ledges 
has been logged and grazed throughout. There appears to be no virgin 
stands of timber in the park, although there are trees of considerable 
size scattered throughout the park. The vegetation in some areas such as 
Walking Fern Hollow seems to be more mature and may have been free from 
logging or grazing for a longer period of time and perhaps never was used 
as intensively. 
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METHODS 
Field Methods 
The field work for this study began in March 1981 and continued 
through October 1982. During the 1981 field season, 53 plots were 
established and data on woody species were gathered. Data on herbaceous 
plants were gathered for 25 of these plots in August and September of 
1981. During the 1982 field season, a voucher collection was made, and 
the park was walked to map the vegetation. Seven flights, two in the 
spring and five in the fall, were flown to secure aerial photographs to 
aid in vegetation mapping. An additional plot was established in the 
late summer of 1982 in the restored prairie. 
A topographic map of the park was divided into several sections 
according to land use, history, and topography. The 54 permanent plots 
were placed in these sections so as to represent all aspects, slope 
levels, slope inclinations, and degrees of disturbances. In the field, 
the plots were placed as close as possible to the predetermined sites. 
The sites chosen were relatively homogenous stands with little or no 
change in topography or vegetation throughout the plot. Most of the 
sites represent relatively undisturbed woodlands. Some plots were 
established in grazed or otherwise disturbed areas to characterize their 
present vegetation, and to initiate a long-term study of changes in these 
areas. Plots were also established in areas where the vegetation is 
unusual or fragile and susceptible to damage by park users. 
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Each plot consisted of a 0.1 hectare (.25 acre) quadrat with a 
center line, 50 meters long, parallel to the contour of the slope. On 
either end of the 50 meter line, 10 meter lines were marked upslope and 
downslope resulting in a 50 by 20 meter plot (Figure 16). Three 
measurements of the woody vegetation were taken at each plot. The line 
intercept method was used along the 50 meter center line to determine 
cover. The portion of the center line intercepted by canopies of 
overstory trees, understory trees, and shrubs were recorded. A second 
measurement counted all saplings and shrubs in three 10 by 10 meter 
subplots placed as illustrated in Figure 16. Only saplings with a 
diameter at breast height (dbh) less than three centimeters and a height 
greater than 10 centimeters were recorded in the subplots. A third 
measurement recorded the dbh for all trees in the 50 by 20 meter plot 
with a dbh greater than three centimeters. Dead trees and the presence 
of lianas were also recorded. Site description and location for all 
plots were recorded along with the date, slope aspect, slope inclination, 
elevation, slope position, relative area moisture, degree of vegetation 
disturbance, horizontal configuration, and soil description. 
A survey for herbaceous plants was conducted in 26 of the 54 plots 
including the prairie plot. The plots surveyed were numbers 1-5, 7-12, 
14-19, 24-30, and 53-54. These plots represent the major vegetation 
types determined by the earlier studies. Cover for herbs was estimated 
in 251m2 microplots at alternating meters and sides along the 50 meter 
center line (Figure 16). All herbs were recorded by species and their 
percent cover was estimated. Shrubs and tree seedlings less than 10 
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centimeters tall were also included in the herbaceous survey. Finally, 
the 50 by 20 meter plot was searched for any species not recorded in the 
herbaceous survey and these were recorded along with a rough estimate of 
their relative abundance. 
Some plots were established in areas too small for a 50 by 20 meter 
plot. These are the half plots (20-23, 48, 52, 53) and are 25 by 20 
meters. The same measurements were recorded except only two subplots at 
each end of the center line were recorded for saplings. These plots were 
established primarily for long-term study. 
For future reference, each of the plots was marked by two iron 
stakes, one on each end of the center line. The stakes are anchored by 
an auger point and have a ring on the exposed end with tags attached to 
identify the marker and plot number. In the vicinity of each plot, one 
or more trees have been marked with aluminum tags to aid in locating the 
plot. The raw data for these permanent plots has been deposited in the 
Iowa State University Library Archives and a sample is included in 
Appendix D in this report. These data include a detailed description and 
site location to aid in the relocation of each plot. A detailed map with 
the location of the plots is presented in Figure 17. The markers for 
plots 13 and 43 were apparently vandalized during this project. Woody 
data exists for these two plots but it has not been possible to precisely 
relocate the plots. 
This 50 by 20 m quadrat, with the exception of the sapling subplots, 
was used by Bach (1982) and Cahalyla-Wynne (1976) in studies of Iowa 
forests. As discussed by Glenn-Lewin (1979), this technique is most 
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Figure 17. Map of plot locations and plot numbers 
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suitable for Iowa since the areas sampled are generally small and because 
it is effective in areas where gradients are steep and homogeneous stands 
are narrow. Point-quarter is less effective because of the larger areas 
needed for point-quarter transects. Circular plots also need large 
homogeneous areas with no gradient differences within the plots. Random 
sampling is also not usable because of the low probability of random 
plots falling in homogeneous sites. 
Beginning in the spring of 1982, seven flights were made to secure 
aerial photographs of the park. Each flight was timed to record a 
specific phenological event (Table 3). Two flights were made in the 
spring and five in the fall. A 28mm wide-angle lens and Kodachrome 64 
film was used for all the photographs. A speed of roughly 90 knots was 
maintained when the flight lines were flown. The photographs were taken 
at six-second intervals at an altitude of 2,500 feet above the ground. 
Four flight lines were flown for each flight (Figure 18). High altitude 
(6,000 feet above the ground) and oblique (800 feet above the ground) 
photographs were taken as well. 
During the late summer and fall of 1982, the entire park was walked 
and mapped from the ground. Vegetation was recorded according to types 
defined by ordination of the plot data. 
A collection of vouchers was deposited in the Iowa State University 
(ISU) Herbarium. The ISU Herbarium was searched for species collected at 
the Ledges by other workers. These collections and those collected for 
this study were compared to the species list generated by William Diehl 
for the Ledges in 1915. A species list was compiled for the park from 
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Figure 18. Flight lines used for aerial photographs. Arrows indicate 
the direction of flight 
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LEDGES STATE PARK 
FLIGHT LINES 
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Table 3. Dates and phenological events of flights made over the Ledges 
State Park 
Date Event 
2 May 1982 Peak flowering of Amelanchier arborea 
19 May 1982 Just past Acer nigrum leafing out 
27 September 1982 Peak color of Rhus glabra 
7 October 1982 Peak color of Acer nigrum 
15 October 1982 Late Acer nigrum color, early Quercus color 
21 October 1982 Peak Quercus spp. color 
29 October 1982 Post fall color, ~. alba defoliated, some Q. rubra in full color left 
these three sources (Appendix A). For all vouchers collected in this 
survey, the habitat and frequency of occurrence was noted. Species which 
could not be collected for various reasons but which were observed at the 
Ledges are denoted by an "0". For species which are represented in the 
ISU Herbarium, but which were not collected in this study, the collectors 
and dates are cited in chronological order. If there are more than three 
collections, "several collections" is noted. No attempt was made to 
verify or annotate herbarium specimens collected by other workers. 
The taxonomy of families and higher categories are in general 
agreement with treatments by Cronquist (1981) for seed plants and Crabbe 
et al. (1975) for ferns and fern allies. Binomials and common names were 
selected to follow Fernald (1950), Gleason and Cronquist (1963), Mickel 
(1979), and Pohl (1966). 
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Data Analysis 
The field data were condensed and summarized prior to analysis 
(Appendices B, C). Line intercept was totaled by species, dbh 
measurements were converted to basal area, and average cover and 
frequency were determined for herbaceous plants. All three of these 
measures were used in Bray-Curtis Ordinations. These ordinations were 
done to reduce the dimensionality of the data to fewer community-level 
axes, and to provide some insight on the data in terms of the 
environmental gradients. Ordination techniques were used to search for 
patterns and define communities from the raw data. 
The Bray-Curtis Polar Ordination technique has been found to give 
satisfactory results in central Iowa (Bach, 1982). In this technique, 
using similarities based on species composition and abundance, two 
reference points with a low degree of similarity are selected which serve 
as poles. The polar stands must be at least 50% similar with three other 
stands to qualify. The length of the x-axis equals the dissimilarity 
index of the two end points. All the other stands are arranged between 
the two end points according to their dissimilarity to these end points. 
Poles of the y-axis are chosen by selecting two points on the x-axis 
which differ strongly from one another but are placed close together on 
the x-axis. Each of these also must be 50% similar with three other 
stands. The remaining stands are again ordinated by their dissimilarity 
to these points. Two dimensional ordinations were sufficient to describe 
most of the variation present in this study. Computer programs used for 
the ordinations were CEP-5 and CEP-4 (Cornell Ecology Program for 
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Resemblance of Distance Matrix and Cornell Ecology Program for 
Ordination). 
Percent cover is recorded for the canopy species. This is a 
relative value determined as percent total species basal area for a 
particular vegetation type. All the other measurements are recorded as 
actual amount or cover rather than relative values because understory, 
sapling, and herbaceous layers do not reach 100% cover, and because the 
actual amount or cover of species is more important in this case than the 
relative proportions. Cover for the understory is expressed in meters of 
the line intercepted. Sapling counts are the average number of saplings 
in a subplot. Cover for herbaceous species is expressed as the average 
actual percent cover (not relative) as perceived by estimations in the 
field. 
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VEGETATIONAL ANALYSIS 
Field data are contained in Appendix B for compiled woody data and 
Appendix C for compiled herbaceous data. Abbreviations used for species 
and vegetation types are listed in Table 4. Table 5 contains plot site 
environmental data. Table 6 lists the dominant tree species for each 
plot as determined by basal area and by % cover. These values are 
usually but not always in agreement for the same plot. Sites with 
hyphenated species indicate two species of approximately equal dominance. 
Species in parentheses are important associate species having values less 
than but greater than half as much as the dominant species. 
Ordination Results 
A Bray-Curtis ordination based on line intercept cover values is 
shown in Figures 19-20. This ordination illustrates a vegetation 
continuum. ·No groups of species are unquestionably delineated. There is 
a general segregation of dominance from left to right. On the left side, 
upland plots with Quercus alba as the dominant species are grouped 
together. On the right, plots with Quercus rubra tend to group toward 
the top with Acer nigrum plots tending to group at the bottom. In 
between these three types are a mix of q. alba, q. rubra, Tilia 
americana, Acer nigrum, and several other less common species. A group 
of plots with ~ ovata as a dominant species is also discernible in 
this complex of intermediate types. The bottomland plots and prairie are 
equally dissimilar from all end stands and so are clustered in the middle 
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Table 4. Abbreviations used for species and vegetation types 
AN 
CC 
CEO 
CO 
CP 
DW 
FN 
FP 
FS 
GT 
JC 
IN 
JND 
JV 
OP 
OV 
PR 
PRH 
PS 
QA 
QAR 
QARS 
QM 
QMA 
QR 
QRTA 
SI 
SN 
TA 
TAN 
UA 
US 
= Acer nigrum 
= Carya cordiformis 
= Celtis occidentalis 
= Carya ovata 
= Conifer Plantation 
= Disturbed Woods Vegetation Type 
= Fraxinus nigra 
= Floodplain 
= Fraxinus spp. 
= Gleditsia tricanthos 
= Juglans cinerea 
= Juglans nigra or Bottomland Vegetation Type 
= Disturbed Bottomland Vegetation Type 
= Juniperus virginiana 
= Open Pasture 
= Ostrya virginiana 
= Prairie Vegetation Type 
= Hill Prairie Vegetation Type 
= Prunus serotina 
= Quercus alba or Q. alba Vegetation Type 
= Q. alba - Q. rubra Vegetation Type 
= Slump Forest Vegetation Type 
= Q. muehlenbergii 
= Q. macrocarpa 
= Q. rubra or Q. rubra Vegetation Type 
= Q. rubra - Tilia americana Vegetation Type 
= Salix interior 
= Salix nigra 
= Tilia americana or Tilia americana Vegetation Type 
= Tilia americana - Acer nigrum Vegetation Type 
= Ulmus americana 
= Ulmus spp. 
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Table 5. Plot site environmental data 
Elevationb 
Disturbance 
Plot II Aspect Slope a Position Level Type 
1 Upland 1060 Slight Logging 
2 SE 128 0 35 Upper Slope 1000 Slight Wildlife 
3 N 100 28 Mid-Slope 1000 Undist. 
4 S 175 0 22 Upper Slope 975 Slight Logging 
5 NW 3200 17 Lower Slope 1000 Slight Wildlife 
6 N 3400 20 Bottom 960 Undist. Dutch Elm 
7 S 175 0 29 Mid-Slope 980 Undist. Wildlife 
8 W 275 0 20 Upper 980 Slight Wildlife 
9 SW 230 0 21 Mid 930 Slight Human 
10 SW 240 0 19 Mid 930 Slight Human 
11 E 1000 26 Upper 1025 Slight Logging 
12 E 85 0 22 Mid 970 Slight Logging 
13 E 85° 32 Upper 1000 Undist. Logging 
14 W 250 0 21 Upper 1010 Slight Wildlife 
15 W 260 0 22 Upper 1010 Undist. Wildlife 
16 NW 335 0 7 Mid 975 Slight Wildlife 
17 W 275 0 17 Upper 1025 Slight Human 
18 NW 296 0 22 Upper 970 Mod. Human 
19 N 20 0 24 Upper 980 Mod. Human 
20 W 2700 28 Mid 950 Severe Human 
21 W 280 0 27 Mid 940 Mod. Human 
22 NW 3100 23 Upper 985 Mod. Human 
23 NW 3180 26 Mid 930 Severe Human 
24 NW 330 0 33 Lower 920 Mod. Human 
25 SE 1200 23 Mid 995 Slight Human 
26 SE 1300 25 Upper 1000 Slight Human 
27 S 1600 15 Mid 955 Undist. Wildlife 
28 SE 1500 23 Upper 1045 Slight Logging 
29 Upland 1073 Mod. Pastured 
30 E 95 0 18 Mid 1010 Slight Wildlife 
a Degree of inclination. 
b In feet. 
CHighest total basal area is used to determine dominant species. 
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Horizontal D' c oml.nant Species Richness 
Soil Stability Configuration Species Canopy Sapling Herb 
Humus-Stable Flat QA 5 9 19 
Sandy-Eroding Undulating QR 7 14 31 
Sandy-Eroding Undulating TA(QR) 10 9 32 
Sandy-Eroding Convex QR 8 13 28 
Humus-Mixed Stability Undulating QR(TA) 5 12 32 
Humus-Stable Convex IN(CeO) 6 7 
Sandy-Stable Convex QA 6 9 35 
Humus-Stable Undulating QR-CO 8 8 23 
Humus-Stable Convex QR 11 17 26 
Humus-Stable Concave QA(QR) 9 18 34 
Humus-Stable Undulating TA-QR(CO) 9 15 34 
Humus-Stable Undulating TA 10 13 32 
Humus-Eroding Undulating QR 10 15 
Humus-Eroding Undulating QR(QA) 9 9 33 
Humus-Stable Concave QR(QA) 11 18 35 
Humus-Stable Undulating TA-FN-AN-QR 12 16 33 
Humus-Stable Concave QR(QA) 10 16 36 
Sandy-Eroding Undulating QA(QM) 10 19 39 
Sandy-Eroding Undulating QR 10 19 34 
Sandy-Eroding Concave QR 10 21 
Humus-Stable Concave QA(QR) 9 14 
Sandy-Eroding Concave QR 8 16 
Sandy-Stable Concave QR 9 13 
Sandy-Eroding Undulating QR(TA) 12 22 46 
Humus-Stable Concave QR 5 18 33 
Humus-Eroding Undulating QR 9 14 23 
Humus-Stable Undulating QA(CO) 15 19 46 
Humus-Stable Undulating QM 10 16 29 
Humus-Stable Flat QR 12 14 30 
Humus-Stable Undulating QR-QA 13 18 39 
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Table 5. Continued 
E1evationb 
Disturbance 
Plot II Aspect Slope a Position Level Type 
31 Upland 1080 Mod. Logged 
32 Upland 1080 Severe Pastured )3 ___ NW 295 0 12 Bottom 920 Mod. Logging 
34 NW 3100 12 Mid 990 Slight Logging 
35 NE 300 15 Mid 1030 Mod. Pastured 
36 SW 225 0 19 Mid 985 Mod. Pastured 
37 E 100 0 12 Upper 1030 Mod. Pastured 
38 Upland 1050 Severe Pastured 
_39 __ Bottom 945 Undist. Flood 
40 SE 1500 17 Upper 1030 Slight Pastured 
41 N 355 0 20 Mid 1045 Severe Pastured 
42 S 1900 20 Mid 1040 Slight Logging 
43 Bottom 950 Mod. Pastured 
~44-- E 1000 7 Mid 1005 Slight Logged 
45 Upland 1050 Slight Logged 
46 W 250 0 9 Lower 975 Slight Logged 
47 SE 125 0 13 Upper 1050 Severe Pastured 
48 Upland 1080 Severe Pastured 
49 W 280 0 5 Lower 950 Severe Pastured 
50 W 285 0 28 Upper 950 Slight Logging 
51 NE 55 0 16 Mid 960 Mod. Dutch Elm 
52 Upland 1060 Mod. Pastured 
53 Bottom 910 Slight Flood 
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Horizontal DominantC Species Richness 
Soil Stability Configuration Species Canopy Sapling Herb 
Humus-Stable Flat QA 7 18 
Humus-Stable Flat QA 10 17 
Humus-Stable Undulating IN(AN) 16 16 
Humus-Stable Undulating QA(QR) 12 17 
Humus-Stable Concave QR(QA) 10 15 
Sandy-Eroding Convex QR 9 16 
Humus-Stable Undulating AN(CC) 12 19 
Humus-Stable Flat QA 9 15 
Humus-Stable Flat JC 8 14 
Humus-Stable Undulating QM(QA) 14 19 
Humus-Stable/Eroding Undulating TA(QR) 9 16 
Sandy-Eroding Undulating QR-QM 8 17 
Sandy-Stable Flat SN(GT-SI) 6 10 
Humus-Stable Flat JC(UA) 14 21 
Humus-Stable Flat QA 6 16 
Humus-Stable Undulating TA-QA-AN 10 20 
Humus-Stable Undulating QA 9 23 
Humus-Stable Flat GT(PS) 7 21 
Humus-Stable Undulating GT 9 15 
Humus-Stable Undulating TA(QR) 13 22 
Humus-Stable Flat TA(UA-QR) 15 18 
Humus-Stable Flat US 5 17 
Humus-Stable Flat JC(JN-UA) 8 12 20 
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Table 6. Comparison of dominant species for basal area and line 
intercept cover measurements 
Plot Basal Area Line Intercept 
l. 
2. 
3. 
4. 
5. 
6. 
7. 
B. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
lB. 
19. 
20. 
2l. 
22. 
23. 
24. 
25. 
26. 
27. 
QA 
QR 
TA (QR) 
QR 
QR (TA) 
IN (CeO) 
QA 
QR-CO (OV) 
QR 
QA (QR) 
TA-QR (CO) 
TA 
QR 
QR (QA) 
QE (QA) 
TA-FN-AN-QR 
QR (QA) 
QA (QM) 
QR 
QR 
QA (QR) 
QA (QR) 
QR 
QR TA 
QA 
QR 
QA (CO) 
QA 
QR 
QR-AN (TA) 
QR 
QR (TA) 
CeO-JN 
QA 
CO (QR) 
QR-CO (QMA) 
QA (AN) 
AN (ee) 
QR (TA-QA) 
QR (AN) 
QA (QR) 
QR 
AN-QR 
QR (QA) 
QA-QR 
QR 
QR 
QR (QM) 
QR (OV) 
QR-TA 
QR (AN) 
QA 
QR (AN) 
CO (TA) 
Plot Basal Area Line Intercept 
28. 
29. 
30. 
3l. 
32. 
33. 
34. 
35. 
36. 
37. 
3B. 
39. 
40. 
4l. 
42. 
43. 
44. 
45. 
46. 
47. 
4B. 
49. 
50. 
5l. 
52. 
53. 
QM 
QR 
QR-QA 
QA 
QA 
IN (AN) 
QA (QR) 
QR (QA) 
QR 
AN (CC) 
QA 
JC 
QM (QA) 
TA (QR) 
QR-QM 
SN (GT-SI) 
JC eUA) 
QA 
TA-QA-AN 
QA 
GT (PS) 
GT 
TA (OV-QR) 
TA (OV-UA-QR) 
US 
JC (IN-UA) 
QM 
QR (FS-TA) 
TA-QR-QA 
QA 
QA 
QA .(AN) 
QR-QA 
AN (QR-UA) 
QA-QR 
AN (ce) 
QA (eO-FS) 
JC 
QR (UA) 
TA (FN-CO) 
QR (QM-AN) 
GT 
UA (JC) 
QA 
TA-QA (FN) 
QA (JV) 
GT 
GT 
QR (ee) 
cc (QR-JN) 
None 
IN (JC) 
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by this ordination even though they are not similar to the upland plots 
they are placed beside. Except in the line intercept ordination, 
bottomland and the prairie plots have been omitted from the ordinations 
for clarity. 
An ordination using basal area to determine the dominant species is 
similar to the ordination using cover (Figures 21-22). Again the Quercus 
alba dominated plots are clustered on the left with Quercus rubra plots 
in the upper right. Tilia americana replaces Acer nigrum as the dominant 
in the plots in the lower right. Again a mix between all types in the 
center region occurs. No Carya ovata type is readily defined using basal 
area. The bottomland types again ordinate (but are not plotted) in the 
middle as an artifact of equal dissimilarity to the other types. 
I agree with Cahayla-Wynne (1976) and Bach (1982) that basal area 
more accurately represents the vegetation. Acer is greatly emphasized in 
the line-intercept cover measure and Tilia underrepresented relative to 
measurements from basal area and what subjectively seems to be the case. 
Cover is helpful in determining the vegetative types of questionable 
plots. 
A continuum is visible using either measure, but enough segregation 
occurs to allow definition of different vegetation types. These types 
are recognizable assemblages in the field despite the continuous nature 
of the vegetation. Three major woodland types can be recognized from 
these ordinations and field observations. These are Quercus alba, 
~ercus rubra, and Tilia americana-Acer nigrum. In addition, three 
intermediate types can be defined, q. alba-q. rubra, q. rubra-Tilia 
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americana, and a "slump forest" type characterized by the high diversity 
of species and soil slumping. 
Comparisons of the ordinations to environmental gradients were made. 
Aspect (Figure 23) was found to be closely related to the vegetation 
type. Q. alba is found on flat or south-facing aspects. Q. rubra is 
found primarily on south and east aspects although this is the most 
variable type relative to aspect. Tilia americana vegetation type is 
found on north and east slopes. Comparisons of percent slope and slope 
position to the community types show no similar correlations (Figure 24). 
These do not appear to be important factors. Aspect is probably related 
to vegetation through the factor of moisture which appears to be the 
primary gradient in the ordination. Quercus alba stands represent the 
more xeric sites. Tilia americana represent the more mesic sites, 
excluding the bottomland. 
The ordination of the herbs shows trends similar to those of the 
woody species (Figures 25-26). The herbaceous species are more tightly 
clumped by ordinations than are the woody species but still are scattered 
along a continuous gradient. The plots on the left are dominated by 
~ and Parthenocissus. The dominant species on the right are 
Thalictrum, Asarum, Hepatica, and Adiantum. This gradient appears to be 
moisture influenced. 
The herbaceous layer of plots 24 and 53 are notably distinctive from 
the other plots. Plot 24 is on the steep north-facing slope of the main 
canyon which contains many unusual northern woody species and the herb 
layer is equally diverse with 46 species. Plot 53 is on the bottomland. 
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It had only 20 species in the herbaceous layer, but these species are 
distinct from other plots and have very high cover which is typical of 
bottomland types. 
When the dominant tree species are projected on to this ordination, 
a correlation between the tree and herb species is observable 
(Figure 27). The plots on the right side of the ordination, dominated by 
Asarum, Sanicula, and Thalictrum, are also dominated by Tilia americana 
and Q. rubra. The plots on the left, dominated by Carex and 
Parthenocissus, are dominated by Q. alba and Q. rubra. While this tree-
herb association is not evident in every plot, a general correlation is 
apparent. The gradient is much narrower and so it is harder to delimit 
the vegetation types based on the herb ordination only. Since fewer 
plots were surveyed and since there are substantially more unidentifiable 
specimens present in the herb layer than among the trees, a less 
definitive ordination is expected. This ordination does help to define 
the vegetation types as recognizable units in the canopy as well as in 
the herb layer. 
When aspect (Figure 28) and percent slope and slope position (Figure 
29) are projected on the herb ordination, it is found that aspect 
correlates with the dominant herbs. This is expected since woody species 
and aspect are correlated. No correlation with percent slope or slope 
position is evident. 
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Vegetation Types 
Tables 7-10 contain the averages by species and vegetation type for 
basal area, herbaceous cover, understory cover, and sapling counts 
according to vegetation types as determined by basal area ordination. 
These tables will be referred to in the following vegetation 
descriptions. Figure 30 is a hypothetical map illustrating where the 
various vegetation types occur relative to the topography and aspect. 
This will also be referred to in the following section. 
Quercus alba vegetation ~ (QA) 
Distribution and environment Quercus alba vegetation type is 
found on flat uplands in the park. Plots 1, 7, 25, 31, 32, and 45 
represent this type. This is the dryest type occurring at the highest 
elevations, at the same level with the surrounding agriculture lands. 
The best development of QA occurs on the upland west of the restored 
prairie. In some areas, this type extends down over the edge of south-
facing slopes that are not too steep. Plots 7 and 25 are examples of 
south-facing sites where Q. alba is dominant. These south slopes are 
small in area and grade into Q. alba-Q. rubra vegetation type as the 
aspect changes. There is an average of 3.9% bare soil. The soils are 
Hayden loam on the flat uplands and Hayden-Storden loams on south slopes. 
Vegetation composition The dominant woody species in the Quercus 
~ vegetation type is Quercus alba which reaches an average of 76.8% 
Cover (Table 7). It is singly dominant in almost pure stands. Quercus 
~bra (8.7% cover) and ~ ovata (2.8% cover) are secondarily 
117 
Table 7. Basal areaa averages by species and vegetation type 
Species 
Acer nigrum 
Carya cordiformis 
Carya ovata 
Fraxinus nigra 
Fraxinus spp. 
Juglans cinerea 
Juglans nigra 
Ostrya virginiana 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
QA 
2.8 
1.8 
4.7 
76.8 
8.7 
QAR 
5.9 
2.2 
5.8 
.7 
3.9 
.8 
.4 
9.8 
30.4 
6.9 
29.4 
1.2 
QR 
4.1 
7.6 
1.6 
1.6 
5.9 
10.5 
62.9 
3.4 
QRTA 
12.7 
3.7 
.7 
3.0 
4.3 
5.3 
43.7 
21.0 
a Expressed as an average relative percentage. 
TA 
11.0 
4.6 
3.3 
2.7 
4.5 
.4 
1.3 
9.3 
7.7 
.6 
13.4 
33.6 
Table 8. Herbaceous covera by species and vegetation type 
Species 
Adiantum pedatum 
Amphicarpa bracteata 
Asarum canadensis 
Aster cordifolius 
Carex spp. 
Desmodium glutinosum 
EUpatorum spp. 
Hepatica acutiloba 
Hydrophyllum virgini 
Hystrix patula 
Muhlenbergia spp. 
Osmorhiza clay toni 
Parthenocissus quin 
Sanicula spp. 
SOlidago spp. 
Thalictrum dioicum 
Bare soil 
Bryophytes 
Total species 
Total Cover 
QA 
.3 
7.7 
.4 
.2 
.1 
5.1 
.7 
3.9 
.1 
29 
16.4 
QAR 
1.4 
.3 
4.7 
.8 
.07 
.4 
4.5 
.2 
1.6 
.6 
8.5 
.3 
33.4 
19.7 
QR 
1.3 
.3 
2.0 
2.2 
.1 
1.2 
.1 
.7 
.8 
18.4 
.8 
28.2 
12.5 
aAverage of actual percent cover. 
QRTA 
1.5 
.4 
1.1 
.6 
.8 
1.3 
.8 
.3 
.3 
5.9 
1.9 
.6 
2.3 
14.4 
1.6 
33.3 
23.5 
TA 
.6 
1.5 
1.7 
.3 
1.4 
.5 
1.4 
.4 
1.2 
4.7 
1.0 
3.1 
24.4 
12.5 
36.7 
23.2 
Slump 
3.3 
7.0 
13.7 
2.7 
6.7 
4.3 
17.3 
20.3 
11. 7 
6.0 
Slump 
4.8 
1.9 
2.1 
1.5 
.4 
1.2 
.2 
2.7 
4.2 
.5 
19.7 
.1 
38 
27.5 
Bottom 
4.8 
1.3 
11.3 
52.5 
4.0 
2.5 
.5 
.3 
Bottom 
.2 
1.3 
26.3 
23.9 
.3 
.7 
6.3 
15.6 
2.7 
20 
87.0 
11S 
Table 9. a Understory cover averages by species and vegetation type 
Species 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Fraxinus app. 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus spp. 
QA 
1.8 
6.7 
15.4 
.7 
1.1 
QAR 
4.2 
1.9 
3.0 
.8 
2.7 
28.5 
QR 
6.2 
4.2 
1.6 
27.7 
.2 
.8 
1.0 
3.0 
QRTA 
5.2 
2.9 
7.5 
.4 
26.4 
4.9 
1.1 
TA Slump Bottom 
7.8 5.8 7.3 
2.7 3.4 8.3 
1.4 2.3 
2.9 6.5 7.6 
29.4 11.0 2.6 
.8 
2.4 2.5 
.6 1.0 
a Expressed as average of actual meters of cover. 
Table 10. Average saplinga counts by species and vegetation types 
Species 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Cornus spp. 
Fraxinus spp. 
Lonicera spp. 
Ostrya virginiana 
Prunus virginiana 
Quercus alba 
Quercus rubra 
Ribes missouriensis 
Rhus radicans 
Rubus spp. 
Smilax hispida 
Tilia americana 
Zanthoxylum americanum 
QA 
1.2 
2.0 
1.4 
1.7 
83.7 
10.6 
42.2 
7.0 
.4 
24.3 
1.4 
8.8 
1.0 
5.5 
1.4 
QAR 
4.5 
5.4 
16.1 
3.0 
3.6 
45.5 
3.8 
41.4 
3.4 
14.4 
2.2 
2.2 
1.S 
3.5 
1.0 
QR 
4.3 
7.4 
13.5 
1.0 
7.6 
32.6 
2.3 
25.6 
10.5 
1.3 
5.9 
3.5 
.7 
.6 
2.3 
1.8 
QRTA 
9.9 
.3 
41.5 
4.8 
1.0 
28.8 
.4 
U.S 
14.9 
.5 
5.0 
1.5 
1.0 
1.2 
TA 
10.9 
7.9 
12.1 
5.5 
3.8 
34.8 
24.3 
6.6 
1.5 
9.0 
9.4 
1.3 
7.3 
1.2 
aAverage number of saplings in 10 x 10 m subplots. 
Slump 
3.6 
.7 
5.1 
4.6 
5.2 
20.6 
S.7 
1.3 
1.2 
4.8 
lS.2 
5.5 
7.3 
2.7 
.3 
Bottom 
9.0 
15.0 
2.2 
5.7 
9.3 
4.6 
1.4 
.7 
17 .6 
8.1 
79.5 
1.2 
1.3 
2.7 
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Figure 30. Hypothetical map illustrating distribution trends of 
vegetation types relative to topography and aspect 
IN 
QA 
QAA 
QR 
QRTA 
TA 
= Bottomland (Juglans nigra) vegetation type 
= Quercus alba vegetation type 
= Quercus alba-Quercus rubra vegetation type 
= Quercus rubra vegetation type 
= Quercus rubra-Tilia americana vegetation type 
= Tilia americana vegetation type 
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QA 
QA 
QA 
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important. Fraxinus spp. (1.8% cover), primarily ~. americana, can be 
found in this vegetation type scattered throughout the canopy. Ostrya is 
the dominant understory tree with 15.4 meters of cover along the 50 meter 
center line, Fraxinus has 6.7 meters of cover and Amelanchier has 1.8 
meters of cover (Table 9). Fraxinus has the highest sapling count with 
an average of 83.7 saplings per 10 by 10 meter subplot (Table 10). 
Ostrya has 44.2 and Ribes has 24.3. The herbaceous layer is dominanted 
by Carex spp. with 7.7% cover and by Parthenocissus quinquefolia with 
5.1% cover (Table 8). Litter attains the highest cover (90.0%) in the 
white oak type. Bryophytes have the lowest cover (.1%) in this type and 
in the slump forest type. An average of 6.5 woody species and an average 
of 29 herbaceous species were found. The average density of white oak 
vegetation type is 115.3 trees per tenth hectare plot. This density is 
about average when compared to the other vegetation types. 
Disturbances and comments Most of the white oak types have 
decaying cut-off stumps as evidence of past logging. These areas are 
accessible and were probably heavily logged in the past. Plots 1, 31, 
and 45 are examples of this. Aspen (Populus tremuloides) occurs in some 
of the white oak areas with poor drainage. Patches of aspen can be found 
in the upland southwest of the restored prairie, and on the upland 
adjacent to the campground. On the margin of some of these oak upland 
woods, Populus grandidentata is also found. Both aspens' distribution 
appears to be controlled by availability of sunlight. In addition to the 
areas mentioned above, they often are found in areas where there are 
conspicuous gaps in the canopy. 
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The white oak forest by the east entrance is more recently grazed. 
Here the oaks are widely-spread and are mainly open-grown oaks with large 
canopies. Juniper has invaded this area probably due to the open canopy 
and aided by the disturbance of grazing. 
The white oak upland by the old stone chimney and foundation 
(plot 32) was also disturbed but not as recently. Large white oaks 
dominate here with some exhibiting the large lower limbs characteristic 
of open grown oak. The forest and canopy has grown in since the grazing 
disturbance. In the shrub layer, Lonicera tartarica has greatly expanded 
throughout this area. This was apparently cultivated as a hedge by the 
farmstead as this is where the largest individuals occur. It has spread 
and grown in very densely in this area. This has also spread to some 
extent down the north and west slopes adjacent to this upland. 
Acanthopanax sieboldianus and Berberis thunbergii can also be found 
scattered throughout this region of the park. Both are escaped from 
cUltivation. 
The white oak types found on south-facing slopes (plots 7, 25) tend 
to be less disturbed. These were also presumably logged, but this 
disturbance is not as readily visible as in the flat upland sites. 
~ercus alba-Quercus rubra vegetation ~ (QAR) 
Distribution and environment The mixed vegetation type, Quercus 
~-Quercus rubra, is found on south and west aspects throughout the 
park. These are found on the mid to upper portion of the slope. 
Plots 8, 10, 15, 17, 18, 21, 34, 35, and 40 represent QAR types. This 
tyPe is frequently found bordering Quercus rubra and Quercus alba types. 
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The best development of this type is found on the west slopes facing the 
Des Moines River. An average of 8.5% bare soil is characteristic of this 
type. Hayden-Storden loams are found in this type. 
Vegetation composition 
Quercus rubra and Quercus alba. 
Dominance in this type is shared by 
q. alba averages 29.4% cover and q. 
rubra 30.4% cover. These two species are equally dominant and equally 
distributed within the QAR vegetation type. Quercus muehlenbergii has 
6.9% cover, Acer nigrum has 5.9%, and Carya ovata has 5.3% cover. The 
percent cover of q. muehlenbergii in this type is second only to the 
Cover in the slump forest. Small amounts of Tilia americana (1.2%) and 
Carya cordiformis (2.2%) are found in the QAR vegetation type. Ostrya 
virginiana, with 28.5 meters, is the highest understory cover in this 
type. This is followed by Acer nigrum with 4.2% cover and Carpinus 
caroliniana and Ulmus spp. each with 3% cover. Fraxinus spp. has the 
highest average sapling count of 45.4 saplings per subplot. Ostrya has 
an average of 41.4 saplings. Carpinus has an average of 16.1 saplings 
and Ribes missouriensis has 14.4 saplings per subplot. The dominant herb 
cover is about equal between Carex spp. (4.7%) and Parthenocissus 
~inquefolia (4.5%). Amphicarpa bracteata has 1.4% cover and Solidago 
spp. has 1.6% cover. There is an average of 87.6% cover by litter in 
this vegetation type and .3% cover by bryophytes. An average of 33.4 
herbaceous species and 10.3 woody species is characteristic of this type. 
The average density is 127.3 trees per tenth hectare plot. 
Distribution and comments Most of the forests of this type have 
been logged in the past but have not been disturbed recently. A few 
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sites on the extreme north end of Pease Creek were heavily grazed prior 
to becoming park property. In this area, QAR vegetation types are found 
on slopes other than south exposures probably because grazing has 
increased the xeric nature of the area. These areas have fewer trees and 
most of the trees are open-grown. 
The QAR site in Red Oak Hollow on the south-facing slope is 
disturbed by oak wilt. There are many downed trees and open gaps in the 
canopy. This appears to be the largest area affected by oak wilt in the 
park. There are numerous other small areas in the park in which plants 
have been infected. 
QAR vegetation type has a higher diversity of woody and herbaceous 
species than does QA or QR types. This is expected as a mixed vegetation 
type has species from each type. 
Spring flowers which are typical of QAR type as well as QA or QR 
types include Podophyllum pel tatum, Isopyrum biternatum, Anemonella 
thalictroides, Claytonia virginica, Erythronium albidum, and Anemone 
~uinquefolia. 
Quercus rubra vegetation ~ (QR) 
Distribution and environment The Quercus rubra type is found on 
east-, south-, and west-facing slopes. This vegetation type is typical 
of moderately moist sites but is able to survive in somewhat dryer or 
Wetter conditions and so is widespread. This type is found in all parts 
of the park. It generally borders QAR on the south and west slopes and 
QRTA on the north and east slopes. Plots 2, 4, 9, 13, 14, 20, 22, 23, 
26, 36, and 42 are included in this type. Most of the QR types are found 
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on steep slopes. The most representative stands of QR types are in Red 
Oak Hollow, Basswood Hollow, and Walking Fern Hollow. Bare soil has a 
cover of 18.4% and the soils are Hayden-Storden loams. 
Vegetation composition The dominant tree in this type is Q. 
rubra with 62.9% cover. Q. alba has 10.5% cover. Carya cordiformis 
reaches its highest cover (7.6%) in this type. Acer nigrum has an 
average cover of 4.1% and Tilia an average of 3.4% cover. The understory 
is dominanted by Ostrya with 27.7 meters of cover, followed by Acer with 
6.2 m and Fraxinus spp. with 2.7 m. Fraxinus has the highest sapling 
count (32.6) followed by Ostrya with an average of 25.6 saplings per 
sUbplot. Prunus spp. and Carpinus have counts of 10.5 and 13.5 saplings 
respectively. Cornus spp. counts (7.6) are highest in this type. 
Amelanchier (7.4) also has a fairly high count. Desmodium glutinosum 
(2.2%) and Carex spp. (2.0%) are the dominant herbs followed by 
Amphicarpa (1.3%) and Parthenocissus (1.2%). Bryophytes account for .8% 
cover and litter for 77.9% cover. An average of 28.2 herbaceous species 
and 8.9 woody species are found in this type. This type has the lowest 
diversity of herbs excluding the bottomland type and the second lowest 
diversity of woody species. The average density is 128.7 trees per tenth 
hectare plot. 
Disturbance and comments Most of these areas have been logged in 
the past. In some areas such as Basswood Hollow and Walking Fern Hollow, 
there are a large number of red oaks which are forked at the base of the 
trunk giving rise to two fairly large trunks. This is presumably a 
126 
result of damage incurred during logging activities. Oak wilt has also 
affected this vegetation type leaving gaps in the canopy. 
Quercus rubra-Tilia americana vegetation ~ (QRTA) 
Distribution and environment The Quercus rubra-Tilia americana 
vegetation type is found on east-facing slopes primarily, but also on the 
north-facing slopes. This type is frequently encountered at the head of 
small drainages. Here, it may occur on both sides of the drainage, but 
mainly on the north and east aspects. Other areas where this type can be 
found are Walking Fern Hollow and Red Oak Hollow. Here, this type 
reaches its best undisturbed development. Plots 5, 11, and 19 are 
examples of QRTA types. These are on steep slopes with 14.4% cover of 
bare soil, 85.1% litter, and 1.6% bryophytes. The soils are Hayden-
Storden loams. 
Vegetation composition Q. rubra and I. americana share the 
dominance in this vegetation type although not equally. Q. rubra has 
43.7% cover and T. americana has 21.4% cover. This is not unexpected as 
even where basswood is dominant in the TA type it has relatively low 
cover. Acer has 12.7% cover and Q. alba has 5.3% cover. The understory 
COver is dominated by Ostrya with 26.4 meters, followed by Carpinus with 
7.5 m, Tilia with 4.9 m, and Acer with 5.2 m. The sapling count is 
dominated by Carpinus with 41.5 saplings per subplot, Prunus virginiana 
has 14.9, Ostrya has 11.8, and Acer has 9.9 saplings. Parthenocissus 
(5.9%) dominates the herb layer. Thalictrum dioicum has 2.3% cover, 
~nicula spp. 1.9%, Adiantum pedatum 1.5%, Desmodium 1.3%, and Asarum 
E!nadensis 1.3%. Bryophytes cover an average of 1.6% of the area 
127 
surveyed. QRTA vegetation type has an average of 33.3 herbaceous species 
and 8.0 woody species. The average density is 102.3 trees per tenth 
hectare plot. 
Disturbance and comments The most prevalent disturbance in this 
type is the erosion at the head of small drainages where this type 
occurs. These areas are being rapidly downcut and have a disrupted 
appearance. The slopes are very steep and unstable with much erosion 
evident. Basswood and red oak are established at the bottom of these 
ravines where the soil is wet. With time these areas stabilize and QRTA 
persists on the north and east aspects. 
QRTA vegetation type is not very widespread in the north portion of 
Pease Creek probably because of the severe damage due to grazing. Where 
it does occur it is on very steep slopes and protected from desiccation. 
It is found on the lower portions of ravines where the soil is moist 
enough to allow the persistence of basswood. 
A more stable QRTA type occurs on north slopes throughout the park. 
It occurs on the upper portion of the slope where it is dry enough for g. 
~. There is little evidence of disturbance in these areas. This 
type is found in small areas between QR and TA vegetation types. 
Undisturbed sites of this type have the highest cover of Adiantum 
and Aster cordifolius. Spring flowers are very abundant in both this 
type and TA type. Dentaria laciniata, Asarum canadensis, Uvularia 
~andifolia, Sanguinaria canadensis, Dicentra cucullaria, Ranunculus 
~ortivus, Hepatica acutiloba are found here. Ferns are also more 
abundant in QRTA and TA types. 
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Tilia americana vegetation ~ (TA) 
Distribution and environment The Tilia americana type is found 
on steep north-facing slopes. These are the wettest and coolest sites in 
the park. Plots 3, 12, 16, 24, 37, 41, 50, and 51 represent this type. 
This type frequently extends a short way up all aspects along drainages 
where it is wet enough for basswood. Only on the north-facing aspects 
does it extend farther up the slope. TA may cover fairly large areas and 
generally grades into QRTA or QR as the aspect changes. The best 
development of this type are the north-facing slopes of Reindeer Ridge, 
Basswood Hollow, and Walking Fern Hollow. Bare soil has a cover of 
24.4%. The soils are Hayden-Storden loams. 
Vegetation composition Tilia americana is the dominant species 
with 34.1% cover. Acer nigrum is an important species with 11.9% cover 
along with Quercus rubra with 13.4% cover. The understory is dominanted 
by Ostrya with 29.4 meters of cover. Acer reaches its highest cover here 
with 7.8 meters. Amelanchier (2.9m), Carpinus (2.7m), Carya cordiformis 
(2.9m), and Tilia (2.4m) all have about equal cover. The highest sapling 
Count for this type is attained by Fraxinus spp. with 34.8 saplings per 
subplot. Ostrya follows with an average of 24.3 saplings. Carpinus has 
12.1 saplings followed by Acer with 10.9, Rhus radicans with 9.4, Ribes 
~ssouriensis with 9.0, and Tilia with 7.3 saplings. The herbaceous 
layer is dominated by Parthenocissus (4.7% cover). Thalictrum dioicum 
reaches its highest cover in this type with 3.1% cover. Other herbs 
include Asarum (1.7%), Amphicarpa (1.5%), Carex spp. (1.4%), Hepatica 
(1.4%), and Osmorhiza (1.2%). This type has an average diversity of 36.7 
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herbaceous species and 10.1 woody species. The bryophytes reach their 
highest cover in this type with 12.5% cover. Litter has an average of 
59.7% cover. The average density is 123.4 trees per tenth hectare plot. 
Disturbance and comments Most of the sites which are TA types 
have been logged, but have recovered sufficiently to mask any damage. 
TA types on the upper end of Pease Creek are on very steep slopes 
and have a high cover of Tilia. Most of these are disturbed, but less 
severely due to their steepness. Nevertheless some of these areas have 
the terraced trails typical of areas overgrazed by cattle. 
Acer nigrum is codominant in some of the TA sites. In areas such as 
plot 37, Acer nigrum has a higher cover than Tilia or equal. This is 
denoted as Tilia americana-Acer nigrum (TAN) type. This type is 
recognized on the vegetation map but is considered to be part of the TA 
type with higher Acer cover. TAN is most frequently found on east-facing 
slopes. 
Carya cordiformis is found in this type as well as in the QRTA and 
the slump forests. It is generally found lower on the slope and is a 
good indicator species for these types. TA is the only vegetation type 
in which C. cordiformis and Fraxinus nigra are found together in 
quantity. 
The TA type is very diverse in woody and herbaceous species. Many 
northern species are found in this type. The highest concentration of 
northern species can be found on the north-facing slope of Reindeer 
Ridge. The vegetation of this area is very unusual in having species 
such as Dirca palustris, Orchis spectabilis, Elymus riparius, and Galium 
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boreale. In,addition large numbers of Fraxinus nigra can be found in 
this area. This area also has many interesting ferns (Adiantum, 
Polypodium, Woodsia, Camptosorus) and mosses (Climacium, Polytrichum, 
Pleurozium). 
These areas are very species rich and have a diverse and rich spring 
flora. The area around plot 16 is especially rich in spring flowers. 
The area around plot 35 is another area which has many species. Mitella 
diphylla is most abundant in this area. Disturbance due to the loss of 
Ulmus americana from the canopy is evident. Berberis and Acanthopanax 
have spread from the upland into those areas where there is a gap in the 
canopy. 
Plot 16 is probably a TA type which has been affected by slumping. 
It is very diverse and in an area of older slumps similar to the slump 
forest. Since it contains equal amounts of species typical of the TA 
type (15% Acer nigrum, 15% Tilia americanum, 15% Quercus rubra, 15% Carya 
cordiformis), it is probably of this type. 
Slum£ forest vegetation ~ (QARS) 
Distribution and environment Slump forest vegetation types are 
found in areas where in the past major blocks of soil have slid or 
" I ' s umped' down the slopes. These can be recognized as areas of gentle 
slopes occurring within larger steeper slopes. Thus, they often present 
a benched appearance. The slumping is relatively old and has stabilized. 
Plots 27, 28, and 30 represent this type. These are on east, south, and 
West aspects. Normally on these aspects, one would expect to find QR or 
QAR, but the slumping has altered the vegetation. These slumps are 
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primarily in areas of the park which have been undisturbed for a long 
period of time. The areas appear to have been logged less recently than 
other areas of the park. This type is absent from the upper portion of 
Pease Creek. Vegetation of this type reaches its best development on the 
south-facing slope of the main canyon. The area is characterized by 
19.7% bare soil. The soil types are Hayden-Storden loams. 
Vegetation composition There are no well-defined dominant 
species in this type. Quercus muehlenbergii has 20.3% cover, q. alba has 
17.3%, and Q. rubra has 11.7% cover. The three species of oak occur 
consistently in this type. Carya ovata reaches its highest concentration 
in this type with 13.7% cover. Carya cordiformis has 7.0% cover, Tilia 
has 6.0%, and Acer nigrum has 3.3% cover. In addition, this type has 
6.7% Juglans nigra and 2.7% Fraxinus nigra. The total understory cover 
is low in this type. Only the QA type is lower. Ostrya has only 11 
meters of cover but this is still the highest understory cover in this 
type. Fraxinus has 6.5 m of cover, Acer has 5.8 m, and Carpinus 
caroliniana has 3.4 meters. Other species include Tilia with 2.5 meters 
and Carya cordiformis with 1.4 meters of cover. Fraxinus has the highest 
number of saplings with 20.6 saplings per subplot. Rhus radicans follows 
with 18.2 saplings, the highest count for poison ivy in any type. Ostrya 
has 8.7 saplings followed by Smilax hispida with 7.3, Rubus with 5.5, 
~arpinus with 5.1, Cornus spp. with 5.2, and Carya cordiformis with 4.6 
saplings. The total herb cover is second only to the bottomland. The 
highest cover is reached by Amphicarpa with 4.8% cover, followed by 
~nicula with 4.2%, Parthenocissus with 2.7%, Desmodium with 2.1%, Carex 
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spp. with 1.9%, and Hydrophyllum with 1.5% cover. There is an average of 
73.6% litter cover and .1% bryophyte cover. The slump forest type has 
the highest diversity of woody species with an average of 12.7 species. 
It also has the highest diversity of herbaceous species with an average 
of 38 species. The average density is 103.7 trees per tenth hectare 
plot. 
Disturbance and comments These areas appear visibly as large 
benches of gentle slope set on the flanks of larger steeper slopes. They 
have been identified as slumps and dated by geological methods (Osolin, 
1983). The distribution of this vegetation type correlates to some 
degree with the distribution of these older slumps. The trees are old 
and there is no evidence of logging or other disturbance by man. This 
type, in fact, seems to be the least disturbed of all types in the park. 
The most striking vegetation feature of this type is the diversity 
of species throughout. There is a large variety of species, both woody 
and herbaceous. Many species which are found in the bottomland, such as 
Juglans and Hydrophyllum, can be found in abundance here and the areas 
often resemble bottomlands in a general respect. This is perhaps due to 
a reduced degree of slope and reduced drainage resulting from slumping. 
The understory is very open and almost park-like. There are some 
areas where American elm has died and left gaps in the canopy. These 
areas are characterized by the presence of several large logs, presumably 
American elm, on the forest floor. 
Plots 44 and 46 are probably slump forests. They were not included 
in the averages as it is not certain that they are this type. They both 
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occur on gentle slopes in areas of older slumping. They are relatively 
undisturbed except by Dutch elm disease. The composition of these plots 
is diverse with dominants, or combinations of dominants, which have not 
been recognized in other plots. Plot 44 has a high cover of Juglans 
cinerea (40%). Plot 46 has high amounts of Acer (18%) and Tilia (20%) as 
well as Quercus alba (19%). 
Bottomland vegetation ~ (IN, JND) 
Distribution and environment The bottomland type is found 
adjacent to the drainages in the park. This includes the floodplain 
forest along the Des Moines River near the Lower Ledges where the forest 
has not been removed. It also includes the floodplains of Pease Creek, 
Davis Creek, and Chinkapin Creek. This type is generally restricted to 
the bottoms of ravines extending upslope only a short way. This is the 
wettest vegetation type. Plots 6, 33, and 53 are examples of this type. 
Plot 39 is an example of a disturbed bottomland forest. This subtype 
OCcurs in the upper Pease Creek vicinity and along the west-facing slope 
opposite the Des Moines River. There is an average of 15.6% bare soil. 
The soils belong to the Spillville-Buckney complex. 
Vegetation composition The dominant species in the bottomland 
tyPe is Juglans nigra with 52.5% cover. Associated species include 
~axinus spp. (primarily Fraxinus pennsylvanica) with 11.25% cover, 
~ltis occidentalis with 7.3%, and Acer nigrum with 4.8% cover. In some 
areas, Salix nigra and Populus deltoides are more important with 34% and 
18% cover respectively. The understory in the bottomland type is 
dominated by Celtis with 13.8 meters of cover. Carpinus (8.3m), Fraxinus 
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spp. (7.6m), and Acer (7.3m) all have about the same cover. Ribes has 
17.6 saplings per subplot, Carpinus has 15.0, Fraxinus has 9.3, Acer has 
9.0, and Rhus radicans has 8.1 saplings. Zanthoxylum reaches its highest 
count in this type with 2.7 saplings per subplot. The herbs have the 
highest cover of any type by a large margin with a total of 87.0% cover. 
Eupatorium has the highest cover with 26.3%, followed by Hydrophyllum 
with 23.9%, Glechoma with 9.8%, and Sanicula with 6.3% cover. Litter has 
an average cover of 76.4% and bryophytes have 2.7% cover. An average of 
only 20 herbaceous species was found for bottomland species. This is the 
lowest herb species diversity. The average number of tree species for 
the bottomland is 9.5. The average density is 125.3 trees per tenth 
hectare plot. 
Disturbance and comments Bottomland plots are all disturbed to 
some extent due to flooding. The forest along the Des Moines River have 
mostly been removed. Only the forest near the Lower Ledges remains, and 
this area has been subjected to repeated flooding. It has a dumpy 
appearance due to the large load of logs and other debris deposited here 
during high water. 
Davis Creek and the lower portions of Pease Creek are typical of 
small creek bottomland vegetation with high amounts of Celtis and 
Juglans. In several areas, Equisetum is dominant. There are many 
lianas--poison ivy in particular develops large vines in the bottomlands. 
In the disturbed bottomland, subtype Juglans nigra is less 
important. Gleditisia triacanthos and Populus deltoides are more 
prevalent. Gleditsia (2.9m) and Juglans nigra (5.3m) are the major 
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understory species. Rubus has the highest sapling count (79.5) within 
this type and yielded the largest count of any species in any vegetation 
type. In the area opposite the Des Moines River, where JND occurs, the 
disturbance is the removal of trees along a powerline right-of-way. On 
occasion, this area is naturally disturbed by flooding. This area 
contains many different species and is very weedy. 
The other major area of disturbed bottomland vegetation type is the 
upper section of Pease Creek. This area has been severely grazed and is 
in poor condition. Gleditsia and a few Juglans are the primary trees. 
Poa pratensis is the predominant herb. There is little understory and 
few saplings. The areas are very clear of underbrush. To some, these 
areas, with few brambles and little underbrush, may be more appealing 
than other bottomlands, however the species diversity in these areas is 
considerably lower than that of undisturbed sites. 
A marked contrast between a disturbed and undisturbed bottomland 
type can be observed on Chinkapin Creek at about the half-way point where 
a fence divides the area. On the west side of the fence is property 
which has belonged to the park for a long time. This area has a lush 
development of Equisetum as well as other bottomland species. On the 
east side, the severely grazed land has only recently been set aside as 
park property. This side of the fence is dominated by Poa pratensis. 
In the upper portions of Pease Creek, willows are an important 
species. Large areas of willows are also found along the Des Moines 
River. 
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Disturbed woods vegetation ~ (DW) 
Distribution and environment Disturbed types occur throughout 
the park irrespective of slope aspect. They are found primarily in the 
northern portions of Pease Creek but also in the Lost Lake vicinity. 
Plots 29, 38, 47, 48, and 49 are representative of these types. They are 
primarily disturbed by recent grazing. The most disturbed sites are on 
uplands or gentle slopes. Disturbed woods also occur at the periphery of 
the restored prairie. DW types are found on a variety of soils, 
primarily Hayden-Storden loams. 
Vegetation composition, disturbance, and comments This is a 
broadly-defined vegetation type including several plots which are all 
disturbed but differ in composition. Species such as Gleditsia, Ostrya, 
Ulmus, Rubus, Rhus glabra, Rhus radicans, and Corylus are common. Open-
grown oaks are typical of these areas. A brief description of the 
different forms of disturbed woods follows. 
"Dog hair" woods are stands of trees which are very small and very 
close together. These are represented by plot 38. The trees are, to 
carry out the analogy, "as close as the hair on a dog's back". Mostly 
the trees are Ostrya, although there are some areas in the park where 
~lia can be found growing densely. There are a few very large open-
grown trees scattered in these areas. When the areas were released from 
grazing, many trees seeded in and are now competing for light and space. 
With time many of these will die and larger trees such as the white oak 
will outgrow the Ostrya and use up the available sunlight. Some areas of 
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dense Tilia occur southeast of Lost Lake and also on the campground 
upland. 
Plot 47 is an example of an area which has been grazed very 
recently. There are large open-grown white oaks which are the primary 
tree species. Many thorny species can be found here including large 
areas of Rosa multiflora. Other species include Rubus, Zanthoxylum, 
Gleditsia, and Juniperus. These areas are very open and are widespread 
in the northern section of Pease Creek. 
Plots 48 and 49 are examples of disturbed woods on the edges of 
prairies. This type is in a state of natural succession. The woody 
species invading the prairie tend to be sun-requiring, weedy species. 
Rhus glabra, Corylus americana, Acer negundo, and Gleditsia triacanthos 
are examples of prairie invaders. 
Plot 29 is an area which is obviously disturbed, but it is difficult 
to tell just what has occurred. It is on a flat upland site and has a 
variety of species but is dominated by Quercus rubra and Tilia. Some of 
the areas around Lost Lake are similar, having a mix of species with no 
apparent patterns. Species such as white oak and basswood may occur 
together although they do not commonly do so in the undisturbed types. 
These sites were probably grazed, but what created such a mix of species 
is unknown. 
~airie vegetation ~ (PR, PRH) 
Two prairie types occur in the park, the restored prairie (PR) and 
the remnant hill prairie (PRH). The prairie at the east entrance to the 
park was restored in 1949. Grass species seeded in, and common in this 
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prairie include Andropogon gerardii, Andropogon scoparius, Panicum 
virgatum, Elymus canadensis, and Sorghastrum nutans. There are a few 
forbs in this prairie but not many relative to a virgin prairie. Forbs 
seem to be more difficult to reestablish. Some large patches of Gentiana 
flavida can be found in the central portion of the prairie and in the 
northwest portion. Plot 54 is located in the restored prairie. 
Hill prairies are found at four sites in the park. All of these 
sites are steep south-southwest-facing slopes. The prairies are at the 
shoulder of the slopes extending a short way down the slope. Plot 52, on 
the Aspen Upland, is what remains of a hill prairie. All of the hill 
prairies are partially grown in with Ostrya and only a few prairie 
species, mainly grasses, have persisted. All of the areas have 
Andropogon gerardii. Some of the areas have Bouteloua curtipendula, A. 
scoparius, and Sorghastrum nutans. One of the best hill prairies is in 
the southeast portion of the Old Foundation Upland. Another well-
developed hill prairie is on the crest of the upland at the junction of 
Chinkapin Creek and the tributary branching south. The fourth site is at 
the head of Red Oak Hollow. All of these possess only a few remnant 
species and are in danger of being grown over by trees. 
K!oodplain (FP) 
This is the area adjacent to the Des Moines River which has been 
disturbed by the removal of trees. It contains many weedy species and 
~as not surveyed for this study. 
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Open pasture (OP) 
North of Chinkapin Creek is an area which is a pasture. This also 
contains many weedy species and was not surveyed. The upland between 
Pease and Davis Creeks has been cultivated. 
Conifer plantation (CP) 
A conifer plantation is on the uplands north of Chinkapin Creek and 
also east of and adjacent to the campground. These areas include Pinus 
banksiana, P. strobus, P. resinosa, and ~. nigra. 
Vegetation Trends 
Within the major vegetation types (QA, QAR, QR, QRTA, TA), several 
species trends are visible. Trends according to relative basal area are 
shown in Figure 31. Average total basal areas are not substantially 
different between types with 29,864 cm2 in QA, 24,476 cm2 in QAR, 27,334 
cm
2 in QR, 32,927 cm2 in QRTA, and 23,735 cm2 in TA type. Therefore, 
relative cover closely reflects absolute cover. Quercus alba is clearly 
highest in QA type and decreases in the wetter types. Quercus rubra is 
highest in QR type and decreases on either side as the type becomes 
wetter or dryer. Tilia americana increases from dry to wet types where 
it is highest in TA type. The response of Acer nigrum is similar to 
!!lia, but the increase is not as large. ~ ovata is fairly uniform 
throughout with highest cover in the QAR type. The greatest number of 
woody species is in the QAR type and lowest in QA type. 
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Figure 31. Species trends of vegetation cover relative to vegetation 
type 
A. Basal area 
........... Quercus rubra 
-----
Quercus alba 
----
Tilia americana 
Acer nigrum 
'""", Carya ovata 
B. Understory cover 
Acer nigrum 
• - - -. Tilia americana 
----- Ostrya virginiana 
.......... 11 Carpinus caroliniana 
"""" Fraxinus spp. 
A 80 
70 
60 
a:: 50 lLJ 
> 
040 
(.) 
~ 30 0 
. 20 
...J 
lLJ 
a:: 10 
0 
B 30 
-E 
-a:: 
lLJ 
> 
o 
(.) 
20 
10 
141 
QA QAR QR QRTA A 
QR QR A TA 
142 
Ostrya is clearly the dominant understory tree and has much greater 
cover than any other species in any type (Figure 31). Its cover is 
nearly uniform in the wetter types but is significantly lower in QA type. 
Fraxinus cover is highest in QA and decreases to its lowest cover in 
QRTA. Acer has its highest understory cover in QR type and Carpinus and 
Tilia reach their maximum cover in QRTA type. 
Fraxinus has the highest overall number of saplings with its high in 
QA type and a low in QRTA type (Figure 32). It is exceeded only by 
Ostrya in QAR and Carpinus in QRTA. The curve for Ostrya is similar to 
that of Fraxinus but is generally lower. Where Ostrya and Fraxinus 
exhibit a substantial drop in counts in the QRTA type, Carpinus shows a 
correspondingly large increase. Prunus virginiana also peaks in the QRTA 
type. Cornus and Tilia reach their lowest counts in the QRTA type. 
It is interesting to note changes in Fraxinus from sapling to 
canopy. Fraxinus has a very high sapling count and is a major component 
of the understory. However, few of the understory ash make it to the 
canopy size--too few to represent graphically. Similar sapling 
mortalities are not demonstrated among the other canopy species. 
Fraxinus seedlings and saplings occur throughout the vegetation types and 
in areas with few parent seed sources. The seeds are probably readily 
available, germinate easily, and are subject to a low seedling mortality. 
This would result in a large number of seedlings and saplings. 
Apparently, sometime between sapling and understory stages these saplings 
die. It is possible that as seedlings, ash need only low light levels 
and are able to survive. As the tree grows, it needs more light to 
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Figure 32. Species trends of vegetation cover relative to vegetation 
type 
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support itself. Only when it occurs in gaps where the sunlight 
penetrates the canopy does it survive to the understory and canopy 
stages. 
Quercus exhibits the opposite trend of Fraxinus. Where it is a 
major component of the canopy, its sapling count and its understory cover 
is very low. The amount of Quercus in the understory does not seem to be 
proportional to the amount represented in the canopy. Part of the 
explanation for this may be the relative shade intolerance of oaks. The 
few oak saplings are probably dependent on canopy openings and gaps. 
Since such gaps are rare, oak seedling and saplings are likewise rare. 
Fraxinus seedlings and saplings on the other hand are able to tolerate 
low light levels throughout the forest regardless of canopy openings. 
The degree of oak regeneration does not seem sufficient to explain 
the present dominance of oak in the canopy. This is better explained by 
assuming a different forest condition was present at the time when the 
canopy oaks were seedlings. Most probably this was a time of 
regeneration after logging. 
Trends among the herbs are less obvious (Figure 33). Carex is 
highest in QA and lowest in QRTA. Parthenocissus is highest in QRTA and 
lowest in QR. Desmodium shows roughly the same distribution as Quercus 
~bra and is highest in QR type, decreasing on either side. Amphicarpa 
is highest in QAR type decreasing to a low in QRTA. Thalictrum increases 
from a low in QA to its highest cover in TA. Asarum and Osmorhiza show 
Similar but less pronounced increases in QRTA and TA. 
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Figure 33. Species trends of vegetation cover relative to vegetation 
type 
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Total herbaceous cover is highest in TA and lowest in QR. The 
highest litter cover is found in QA type decreasing to a low in the TA 
type (Figure 34). Bare soil increases conversely. Bryophytes are lowest 
in QA and increase to the highest in TA. 
The trends in the herb stratum are influenced by moisture primarily. 
Secondarily, light is probably an important factor. An example of this 
would be Desmodium which seems to occur in areas where light filters 
through gaps in the canopy. QR and TA types occur on steep slopes where 
the canopy does not attain full cover. The irregular cover allows 
sunlight to penetrate the canopy. Available bare soil may influence 
species distribution. The highest herbaceous cover is in TA where the 
highest bare soil also occurs. 
As with the trees, moisture is the most important factor influencing 
the distribution of herbs. Species occurring in the QA type, the dryest 
type, include Parthenocissus and Carex. In TA type, the wettest type, 
species such as Thalictrum, Asarum, and Osmorhiza reach their highest 
cover. The bryophytes also increase dramatically from the QA type to the 
TA type. The moisture gradient for herbaceous species is a direct result 
of topography and to some extent the canopy closure. 
Secondarily, light is probably an important factor in the 
distribution of some herbaceous species. QR and TA types occur on steep 
slopes where the canopy does not attain full cover and allows sunlight to 
penetrate to the forest floor. An example of a species possibly 
influenced by this factor is Desmodium which seems to occur primarily in 
dry areas, such as the QR type. In addition to moisture and light, bare 
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Figure 34. General trends of vegetation cover relative to vegetation 
type 
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soil may also influence species distribution. Large areas of bare soil 
provide more surface area for seeds and spores to become established. 
The highest herbaceous cover and the highest bryophyte cover is in TA 
type where the greatest amount of bare soil also occurs. 
Comparison to Other Iowa Studies 
When other Iowa studies are compared to this study, similarities 
become apparent. Bach (1982), working in central Iowa, found that g. 
rubra had a total cover of 26%, g. alba had 25%, Acer nigrum had 6%, 
Tilia americana had 12%, and Ostrya had 8%. In this study, g. rubra had 
a cover over all vegetation types of 31.6%, g. alba had 26.2%, Acer had 
6.7%, Tilia had 11.8%, and Ostrya had 6.8%. Bach did not report cover 
according to vegetation types, so further comparison between types is not 
Possible. Constancy for shrubs and herbs were recorded by Bach and this 
appears roughly the same as this study. Ostrya and Fraxinus were the 
most constant and widely distributed. Parthenocissus was found to be 
widespread as was Amphicarpa. Bach found that certain herbaceous species 
were characteristic of mesic situations but does not state which species. 
Niemann's (1971) work at Woodman Hollow defined two woodland 
vegetation types, excluding the bottomland. In a north-facing type, 
Niemann found Hepatica acutiloba and Mitella diphylla to be indicator 
species along with the dominant trees Tilia, Acer, and f. cordiformis. 
On the south-facing slope, Q. alba and f. ovata were the dominant trees 
With Galium aparine, Sanquinaria canadensis, and Thalictrum dioicum 
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common herbs. No mention was made of ?arthenocissus although the results 
of this study and those of Bach indicate that it is widespread in central 
Iowa forests. 
Sanders (1967) found in central Iowa that Ostrya tended to have 
higher densities in white oak stands and lower densities but larger 
individuals in the maple-basswood forests. This is in agreement with the 
findings of this study. He also found correlations between herbaceous 
and canopy species similar to those found in this study. 
In northeast Iowa, Cahayla-Wynne (1976) described five types of 
vegetation, only three of which are in common with this study. These 
communities are the same communities as defined by Bach--red oak, white 
oak, and basswood. Cahayla-Wynne noted that basswood and maple are minor 
components of the white oak type. This is not the case in central Iowa 
where very few individuals, if any of these mesic species, occur in the 
upland. He found the white oak type to have the greatest tree species 
richness in contrast to the findings of this study where the lowest 
species richness was found for tree species in the QA type. In central 
Iowa, lower moisture availability allows only the more xeric species such 
as Quercus alba, Carya ovata, Carex, and Parthenocissus to persist in the 
white oak type. Cahayla-Wynne also noted that black walnut was abundant 
in the basswood type. At the Ledges, black walnut very rarely occurs in 
the basswood type, being mostly limited to bottomlands. 
In the herb stratum, Cahayla-Wynne found high amounts of 
Parthenocissus, Osmorhiza, Geranium, and Circaea in all types. In this 
study, Osmorhiza, Geranium, and Circaea were found primarily in the 
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wettest sites. Cahayla-Wynne maintains that Hydrophyllum appendiculatum 
replaces Parthenocissus in the mature maple-basswood stands. In this 
study Hydrophyllum appendiculatum was found only on bottomland sites. 
Hydrophyllum virginianum was found with a high coverage in the slump 
forest. A much higher amount of maple and basswood seedlings were noted 
in northeastern Iowa than exists in central Iowa. Cahayla-Wynne noted 
that maple, basswood, and ironwood seedlings were most successful in 
attaining sapling status, reaching constancies of 85%, 46%, and 49% in 
the shrub stratum. 
Christiansen et al. (1980), in their study of Pikes Peak State Park, 
defined several woodland communities for northeastern Iowa, most of which 
were dominated to some extent by sugar maple. They noted a much highpr 
herbaceous cover (30-90%) than was found in this study. They also noted 
the occurrence of basswood and sugar maple in the oak-hickory community, 
but did not report this quantitatively. 
The studies conducted in northeast Iowa indicate that these forests 
have a much more mesic aspect overall than do those in central Iowa. 
Northeast Iowa has a more dissected topography than central Iowa. It was 
not glaciated during the Wisconsin glaciation and its climate is slightly 
cooler and wetter than central Iowa. There are more xeric elements in 
central Iowa forests. An example of this is the QAR type defined in this 
study. Kucera (1950, 1952), Sanders (1967), Niemann (1971), and Bach 
(1982) have reported the coexistence of g. alba and g. rubra on xeric 
sites. This forest type may be present in other parts of Iowa, but if 
so, it has not been frequently defined or described and is probably less 
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important elsewhere than in central Iowa. The sites in northeast Iowa 
are closer geographically and floristically to the eastern deciduous 
forests than the forests of central Iowa. Central Iowa forests are 
largely composed of eastern deciduous species, but also have more xeric 
elements of the southern oak-hickory forests. 
Vegetation Map 
The vegetation map presented in Figure 35 shows the distribution of 
the various vegetation types. Some units too small to map were not 
included. The boundaries of the vegetation types were initially 
determined by field work and were then confirmed or modified with the 
aerial photographs. Aerial photographs were especially useful for some 
boundaries which were difficult to map on the ground because of overlap 
between the vegetation types. The disturbed woods type is so severely 
altered that it cannot be recognized as any of the defined vegetation 
types. 
Succession 
Succession in the forest vegetation types at the Ledges State Park 
as everywhere is a very slow process. Because of this, little has been 
documented on woodland succession in this area. The permanent plots 
which have now been established at the Ledges will enable future workers 
to quantitatively document changes over a long period of time. 
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Figure 35. Vegetation map of the Ledges State Park 
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Curtis (1959) maintains that both the xeric and mesic forest of 
southern Wisconsin will become dominated by maple and basswood given 
sufficient time. In the mesic forest, this is a stable and progressive 
change. In the xeric forests, there is less stability and, as he states, 
"The entire complement of dominants, gap trees, and subsidiary species 
forms a broad community with a much-lowered level of integration than 
that shown by the mesic forest." Cahayla-Wynne and Glenn-Lewin (1978) 
and Christiansen et al. (1980) likewise maintain that the vegetation 
which develops on all uplands in northeastern Iowa will be sugar maple-
basswood if sufficient time passes without disturbance. They reached 
this conclusion despite the fact that only a small proportion of the 
areas they studied could be currently designated as sugar maple-basswood 
forest. Evidence for succession toward maple-basswood was not found in 
all types in this study and is presented below. 
Xeric sites (QA, QAR) 
----- ----- -- ---
The understory of QA type, excluding small trees, shrubs, or less 
important species such as Fraxinus, Ostrya, Carpinus, and Ulmus, contain 
only one canopy species. Quercus alba is reproducing in these sites with 
an average of .73 meters of cover and a sapling count of 6.95. Not 
present as understory but with high sapling counts are Tilia (5.5 
saplings per 10 m2 subplot), Acer nigrum (1.20), and Carya cordiformis 
(1.4). These species appear unable to survive to the understory tree 
stage. 
In QAR, Acer nigrum (4.2m) and f. cordiformis (.78m) survive to the 
understory stage. Tilia is absent from this layer. All three species 
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are well-represented in the sapling counts. Q. alba and Q. rubra are 
absent in the understory and present in low amounts in the sapling 
counts. 
Due to the absence of basswood in the understory of these types, it 
seems unlikely that these types will succeed to a maple-basswood forest. 
These types, situated at the western extent of eastern forests, are 
influenced by the lack of moisture relative to eastern sites. Mesic 
species are able to establish as seedlings and saplings but probably 
cannot tolerate periodically dry conditions as understory trees. These 
types will probably rema.in as white or red oak dominated type which is 
tolerant of periodic drought and the exposure associated with these 
sites. 
Mesic sites (QR, QRTA, TA, Slump) 
Mesic vegetation type contains maple and basswood in the understory 
consistently. Both Q. alba and Q. rubra are found in the understory of 
the QR type and red oak is found in TA type but in low quantities. Acer, 
f· cordiformis, and Tilia saplings are found in all the mesic sites. A 
low sapling count for red oak is found in all the mesic types. It is 
apparent that maple and basswood are reproducing and surviving as 
understory trees. These trees are shade tolerant and protected enough in 
the ravines to withstand droughts which affect the flat exposed uplands. 
These types will probably succeed to a maple-basswood dominated forest. 
In all these types red oak will probably be a minor, but important, 
component especially on the more xeric sites. 
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Disturbed Woods 
Succession in these types is set back due to the disturbance that 
was imposed. In most of these areas, weedy, sun-requiring plants such as 
Gleditsia, Rubus, and Corylus are currently dominant. Many of these 
species are short-lived and will eventually be replaced by more stable 
vegetation. Since most of the disturbed sites are on flat uplands or 
gentle slopes, the current weedy species will probably be replaced and 
dominated by white oak or red oak as in the xeric sites. 
Past logging in the park may have been sufficient to alter the 
forest composition and. succession substantially. The absence of maple-
basswood reproduction in the xeric sites may be a result of recent 
disturbances such as logging. More likely, these sites have been, and 
will probably remain oak-dominated due to the better adaptation to severe 
periodic drought. Although there are currently few oaks in the seedling 
and understory layers, this situation may not be representative of 
regeneration after severe drought and consequent death of canopy and 
understory species. It is also probable that in times of severe drought, 
the oak seedlings and saplings survive whereas those of Acer, Tilia, and 
Fraxinus do not. 
Ledges Flora 
~ analysis 
A species list of 435 species was compiled for the Ledges State Park 
(Appendix A). This includes collections made in this study as well as 
vouchers in the ISU Herbarium from other collectors. Some of the species 
160 
cited by Diehl (1915) in his early survey of the Ledges flora were not 
found in this study. No vouchers exist for these species so they were 
not included in the species total. If these are included, the total 
number of species for the Ledges is 510. 
Of the 435 species recorded for the Ledges, 370 are native and 65 
are naturalized. A breakdown by plant groups is presented in Table 11. 
The Ledges has a diverse flora with a large number of species for 
central Iowa (Table 12). When compared to Niemann and Lander's study 
(1975) at Woodman Hollow, Webster County, Ledges is found to have 77 more 
species than Woodman Hollow. Woodman Hollow is smaller than the Ledges 
but contains the same diversity of habitats. When compared to Allamakee 
County in northeastern Iowa, the Ledges has almost half as many species. 
Allamakee County is a large county with many diverse habitats. The flora 
of the Ledges State Park is a rich flora for its location in the state 
and small size. 
Rare and unusual plants 
Rare and unusual plants and communities in Ledges State Park are 
mapped in Figure 36. Following is a brief description of the more 
important rare and unusual plants. 
Reindeer Ridge-north slope community This is a north-slope 
community which contains many northern and unusual species such as Dirca 
~alustris, Elymus riparius, Cornus rugosa, and Galium boreale. These are 
species which are probably remnants of a northern flora which existed at 
the Ledges shortly after glaciation (See Vegetational history). Species 
such as Orchis spectabilis are found here. This species is unusual in 
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Table 11. Ledges flora summary 
SPECIES 
TAXON FAMILIES GENERA Native Naturalized 
Pteridophyta 6 11 15 1 
Spermatophyta 
Gymnospermae 2 3 1 6 
Angiospermae 
(l1)a Monocotyledoneae 10 50 ( 54) 80 ( 95) 13 (16) 
Dicotyledoneae 71 (72) 205 (232) 274 (333) 45 (66) 
Total 89 269 370 65 
a Numbers in parentheses include Diehl's unvouchered 1915 collections. 
Table 12. Comparison of Ledges flora to Woodman Hollow in central Iowa, 
and Allamakee County in northeast Iowa 
LOCATION FAMILIES 
Ledges State Park 89 
Woodman Hollow State Preserve 77 
Allamakee County 124 
GENERA 
269 
234 
444 
SPECIES 
435 
358 
1040 
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Figure 36. Map of rare and unusual plants and communities 
= Corallorhiza odontorhiza 
Dirca palustris 
Hill Prairies 
Katina Falls - Usnea, Peltigera 
Lost Lake - Osmunda, Dodecatheon, Trillium 
Lady Slipper Falls - Matteucia, Usnea 
North Slope Reindeer Ridge - many northern 
Reindeer Lichen - Juniper Moss Association 
Salix discolor 
species 
CO 
DP = 
HP = 
KF= 
LL = 
LS = 
NS = 
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SS = Sandstone Community Anthoceros, Seligeria, 
Polypodium, Camptosorus 
WH = Walking Fern Hollow 
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Iowa and is found in rich woods such as exist in this north-slope 
community. In addition, many interesting ferns and bryophytes can be 
found here such as Polypodium, Camptosorus, Woodsia, Bartramia, 
Polytrichum, and Climacium. The dog lichen, Peltigera, can also be found 
in this area. 
Reindeer lichen-juniper moss association Relatively larger areas 
of Cladonia and Polytrichum are found on the northwest side of Reindeer 
Ridge. The Cladonia, or reindeer lichen, for which the ridge was 
probably named, is abundant in this area. Most of the areas of Cladonia 
and Polytrichum have been disturbed by the heavy trail use in this area. 
One site lower on the slope adjacent to the trail has remained intact and 
efforts should be made to protect this site. This is where several 
unusual and interesting bryophytes are found including Climacium, 
Bartramia, and Pleurozium. 
The mosses and lichens of this area are typical species of the 
forest floor community of well-drained acidic sites in northern Minnesota 
and Wisconsin. These habitat conditions are highly unusual in central 
Iowa and these species probably are also relicts of the post-glacial 
flora. This is also where the white pine seedlings were found. 
Sandstone ledges The sandstone ledges throughout the park 
Contain a flora of their own not found elsewhere. Many ferns and 
bryophytes are found on the sandstone. Genera of particular interest 
which can be found here include the ferns Polypodium and Camptosorus, the 
hornwort Anthoceros, and the moss Seligeria. Most of the mosses and 
liverworts of the sandstone ledges are small and not easily identified. 
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A detailed study of these plants would likely turn up a number of unusual 
and interesting species. 
Walking Fern Hollow The walking fern for which Walking Fern 
Hollow was named is very abundant on the sandstone outcrops at the mouth 
of this canyon. Dirca palustris can also be found in several sites on 
the north slope of Walking Fern Hollow. Ulmus thomasii occurs in this 
hollow, as well as Basswood and Red Oak Hollow. Several interesting 
bryophytes such as Rhodobryum, Climacium, and Lophocolea are present in 
Walking Fern Hollow. 
Lost Lake area Several unusual species occur here which were 
probably planted by the Civilian Conservation Corps. These include 
Osmunda clay toni a , Dodecatheon meadia, and Trillium ceruum. All of these 
are along the trail to Lost Lake; none occur naturally in the Ledges. 
Salix discolor can be found in the marshy prairie area north of Lost 
Lake. Frullania riparia, a liverwort, and Usnea, a lichen, have been 
collected from the sandstone above Katina Falls. This sensitive area of 
sandstone outcrop contains many species of mosses and ferns. 
Davis Creek, Lady Slipper Falls The south end of Davis Creek 
valley is narrow, steep-walled, and contains several sandstone outcrops. 
In this area, several unusual species are found. Usnea is found on the 
sandstone ledges. The ostrich fern, Matteucia, occurs at the base of the 
sandstone on the creek bottom. This is the only place in the park where 
this fern can be found. Farther up Davis Creek are some exceptionally 
large Carpinus. 
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Lady slipper orchids may have existed in the park naturally at this 
site. They may also have been planted by C. F. Henning. No lady slipper 
orchids were found near Lady Slipper Falls or elsewhere in the park in 
this study. 
Hill prairies There are three hill prairies in the park as 
described in the vegetation types. Each of these contains a few prairie 
species. The hill prairie on the Aspen Upland contains Cladonia in small 
isolated patches. Cladonia also occurs on dry ridges in several sites in 
the park. The latter may have been prairie sites but no longer have any 
prairie species. 
Salix discolor This species can be found on Pease Creek. It is 
typical of more northern areas. 
Hybanthus concolor This species was not collected in the present 
survey but is represented by herbarium vouchers. The only other county 
in Iowa in which it has been collected is Dubuque. It is a southern 
species. 
Corallorhiza odontorhiza This small orchid was found in the 
woods along the upland trail off the prairies. It was also found at the 
edge of a ravine on the upper portion of Walking Fern Hollow. It is rare 
throughout Iowa. 
Prunus pensylvanica This species was not found in this survey, 
but is documented in the.literature and is represented in the herbarium 
by several vouchers. Pin cherry is a northern species and was probably 
found in the Reindeer Ridge area. 
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The 435 species of the Ledges flora constitutes a rich flora for its 
location in the state and its small size. The richness in eastern 
deciduous species is especially important as this is one of the 
westernmost extent ions of the eastern deciduous forest. The unique 
topography and geology of Ledges State Park allow this flora to exist in 
an area that otherwise would be depauperate in forest species. 
The presense of many rare and unusual species indicates presence of 
unusual habitats. As such habitats are often fragile, the presence of 
rare and unusual species also generally indicates a community which has 
not been disturbed. 
The combination of unusual habitats, rare species, and rich and 
varied communities at the Ledges give it a special interest and value in 
understanding the vegetation of this region. The occurrence of species 
which are more commonly found in the north or the east raise questions as 
to how and why they exist at the Ledges. The distributions of species 
such as Prunus pensylvanica, Salix discolor, and the reindeer lichen -
juniper moss community suggest that they and other· species are remnants 
of an earlier widespread boreal forest in this area. Other species are 
common in the eastern and southern deciduous forests. These affinities 
with forests of other regions allow us to interpret and understand the 
present flora in terms of its origins and history, as well as its current 
relation to the topography and microhabitats of Ledges State Park. 
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RECOMMENDATIONS 
The beauty of the Ledges State Park provides a setting condusive to 
any interpretive program. But, if such a program is to interpret the 
Ledges, it must be based on a thorough understanding of past events and 
current conditions that are unique to the Ledges. This report in its 
entirety provides that basis in regard to the vegetation and the report 
in its entirety should be consulted for management and interpretive 
decisions. This section suggests interpretation and management themes 
and activities. The historical review, vegetation data, and conclusions 
from which these suggestions are drawn, are presented in detail in the 
foregoing chapters. 
Interpretation 
The unique vegetation, vegetational history, and topography of the 
Ledges State Park along with its geological history make it a living 
museum and laboratory. This uniqueness should be an important 
consideration in designing interpretation and management programs. An 
important goal of the Ledges interpretation program should be to convey 
to the visitor the significance of the vegetational history and its 
importance to understanding the unusual character of the present flora. 
By gaining an understanding of past vegetational changes, park visitors 
will develop a greater respect for the present park and the value in its 
preservation. 
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Two underlying themes provide the basis for interpretation of the 
Ledges vegetation: 1. the influence of historic plant migrations, and 
2. the influence of past and current topography on the vegetation. It is 
these two factors which have allowed the Ledges to accumulate the unique 
assemblages of plants it currently has. 
Historic migrations account for particular groups of plants which 
entered the Ledges due to changing climatic regimes. The most obvious of 
these groups are the boreal plants. Following glaciation, plants adapted 
to cold climates eXisting at the Ledges. When the glaciers retreated, 
most of these boreal plants retreated with the cold climate as well. 
Dissected topography with cold north-facing slopes allowed a few boreal 
plants to persist in these localized microhabitats. In other areas 
exposed to the warming climate, elements of the eastern deciduous forest 
moved in from the south and east. 
The "hypsithermal", a warm and dry period, influenced plant 
migrations about 7,000 years ago. Exposed uplands and south exposures 
became increasingly more xeric. Prairie elements spread to these dry 
sites. Except where the topography was dissected providing some 
protection for eastern deciduous elements, the forest migrated eastward. 
The hill prairies of the Ledges are remnants of this dry period. The 
reestablished prairie is an attempt to restore an impression of the 
prairie in its original condition prior to settlement. 
These broad scale plant migrations were caused by broad scale 
climate changes. However, then as now, climates were moderated by local 
topography. The varied topography of Ledges allowed the boreal, eastern 
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deciduous forest, and prairie to survive in specialized microhabitats. 
The boreal plants of Reindeer Ridge have survived because of the cool, 
moist north-facing microhabitat. The eastern deciduous forest survived 
in the canyons and ravines which were cooler and wetter than the 
surrounding uplands. The prairie has survived on hot, dry south-facing 
slopes. Thus, while broad scale plant migrations occurred throughout 
Iowa, the dissected topography allowed each of these communities to 
persist at the Ledges. 
Because of these two important concepts of phytogeography and 
topography, the Ledges can be viewed as a museum of past and present 
vegetation. Its western location and consequent contrast with 
surrounding vegetation make the Ledges an ideal location in Iowa to 
present these concepts. No other areas to the west are so rich in mesic 
species, and areas to the east do not contrast so starkly with their 
surrounding vegetation. The relationship of present vegetation to the 
microhabitat and to past vegetation changes is a theme that can be 
followed in any activity throughout the park. 
It is important for the public to appreciate and understand the 
importance and influence of topography and past migrations on the present 
vegetation. When these concepts are understood by park visitors, they 
can then appreciate all that the Ledges has to offer. The need to 
preserve and protect the Ledges State Park and actions necessary to do so 
become more clear. One can recognize the importance of maintaining the 
biological habitats and diversity which naturally exist and understand 
that we are not preserving just a pretty woods, but rather a natural 
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museum which can tell us much about our ,heritage. This increased 
knowledge will also facilitate appropriate management. Exclusion from 
fragile areas such as Reindeer Ridge (not a popular management technique) 
can be understood as necessary for preservation of the biological 
resources of the park. 
The Ledges is also valuable as a museum and living laboratory to 
biologists, educators, geologists, archaeologists, and other 
professionals. It provides the opportunity to study preserved natural 
systems which are becoming increasingly scarce, particularly in this area 
of the midwest. The permanent plots established for this study can 
provide valuable information on the succession and composition of 
vegetation communities. So little information is available on long-term 
plant succession that in time these plots, if preserved and periodically 
monitored, will provide results of worldwide significance to the 
discipline of plant ecology. 
For maximum information yield, these permanent vegetation plots 
should be resurveyed on a regular basis. The more frequent the surveys, 
the more valuable will be the information gained. Survey intervals of 
two to ten years would be most beneficial. The longer the interval 
between resurveying the greater will be the risk of losing stakes and 
thus losing the plots. Longer sampling intervals will likely not detect 
important but short-term perturbations, such as mudslides, gaps in the 
canopy, changes in species composition relative to the weather, and 
animal disturbances. If possible, the plot stakes should be checked 
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yearly and missing stakes replaced. Eventually, each plot should be 
mapped in detail to further document changes in the vegetation. 
The scientific value of the Ledges and studies such as those 
represented by the permanent plots should be included in the 
interpretation program for park visitors. An interpretor acting as 
liaison between scientists and the public can be of great service to all 
concerned. The result can be appreciation that scientific research is 
understandable, important, and supportive of park goals. 
As stated earlier, the interpretive program should be based on 
scientific data. A variety of possibilities exist for presentation of 
this data and its implications. These include booklets, narrated slide 
shows, bulletin board displays, amphitheater talks, self-guided trails, 
and interpretive walks. The public could also be involved in park 
management through activities such as prairie burning and prairie 
seeding. Such activities would help them to understand the reasons 
behind management. Field schools and field trips in botany, geology, 
wildlife, history, etc. could also be presented at the Ledges. 
All of the above methods of interpretation can be adapted to address 
the themes of past plant migrations and the influence of topography on 
plant distributions. Following are some specific suggestions for 
interpretation of the botanical features in the park along these two 
themes. 
Prairie 
The trails through the prairie and prairie upland can provide the 
setting for interpretation of the ecology of prairies and the tension 
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zone between the prairie and woodland. The large open-grown oaks of the 
white oak upland indicate the past succession in this area from prairie 
to savanna to woodland. Concepts of fire and climate in relation to 
succession can be introduced when visiting these sites. The hill prairie 
at the crest of Red Oak Hollow demonstrates results of past plant 
migrations as well as dynamic interaction of climate and fire with plant 
succession. (See management recommendations on burning.) 
North Slope Community 
Reindeer Ridge trail provides a good vantage point for viewing the 
north slope community and the reindeer lichen-juniper moss association. 
Concepts such as glacial relics, phytogeography, and microhabitat could 
be effectively introduced here, as well as the fragile nature of these 
communities. 
Central Iowa Woodland 
Along the trails leading to the Crow's Nest and between the Crow's 
Nest and Hutton Memorial Trail, the various woodland communities can be 
seen. On the ridge leading to the Crow's Nest, a dry white oak community 
on one side is visible whereas on the other side of the ridge a red oak 
community can be seen. At the top of the upland is a disturbed woodland 
where disturbance species can be pointed out. A short way to the north 
is a basswood vegetation type on the north slope. Plot 26, along a 
trail, is a good example of an area where maple is reproducing and 
succession appears to be in the direction of maple-basswood. Throughout 
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this area, concepts such as vegetation communities and their response to 
topography, disturbance, and succession could be presented. 
Plant Diversity 
A large diversity of plant species--prairie, marsh, and woodland, 
exist in the Lost Lake area. In keeping with the self-guided trail 
already established here, and expanding this to Lost Lake, the 
interpretor could point out the diversity of habitats and adaptations of 
particular plants to their habitats. The ecology of different plants and 
their adaptations would be a possible theme of the trail. One could 
point out the difference in life strategies between a moss on the 
sandstone, a wild flower on the forest floor, a tree in the forest 
canopy, and aquatic plants in Lost Lake. 
Management 
The plants of the Ledges are a fragile resource and must be 
protected. Species such as the lady slipper, green violet, and pin 
cherry may have already become extinct at the Ledges State Park. Many of 
the communities can never recover from the past impact of park visitors 
and what still remains intact should be protected. The management 
program should be shaped by the need to preserve unique plants and 
communities and by the park's scientific and recreational potentials. 
The purpose or goal of a natural area determined the strategy of its 
management. Three distinct and very different purposes exist in the 
Ledges State Park. One is the preservation of the flora and fauna as it 
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existed prior to settlement. Allowing plant communities to succeed 
naturally is probably the best management policy for most areas of the 
park relative to this purpose. A second purpose for the park is to 
provide a recreational facility. Areas of the park dedicated to 
recreation need more intensive management including mowing and planting 
species compatible with intense recreational use. The third purpose is 
to provide educational opportunities. Activities relative to this 
purpose utilize both recreational and preserved areas. The latter are of 
special concern, presenting the challenge of learning in natural areas 
without damaging them in the process. For success in each of these 
diverse purposes, management programs must recognize the relative 
sensitivity of various areas and the activities they can support. For 
this purpose, the vegetation of Ledges can be divided into four zones 
based on sensitivity to impact, uniqueness of species present, and degree 
of naturalness or freedom from disturbance. These zones are described 
below, listed in Table 13, and mapped in Figure 37. 
~ A: Fragile and Unique Communities 
These are communities of special importance because of rare species 
Or unique combinations of species and are the areas for which 
preservation is most important. Human activities in these areas should 
be restricted as much as possible. No on-site activities should be 
encouraged. 
Reindeer Ridge and Katina Falls with traditional high usage are 
included in this zone. Visitors in these areas should be strictly 
confined to trails. Natural succession should be allowed in this zone 
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Table 13. Ledges vegetation management strategies 
Management 
Zone Sensitivity 
A Very High -- Many rare 
species and unique 
communities 
B 
c 
D 
High -- Mature north-
facing communities; hill 
prairies; some rare 
species 
Medium -- Typical central 
Iowa woodland; restored 
prairie 
Low -- Heavily disturbed 
through agricultural or 
recreational uses 
Management 
Allow natural succession 
Off limits to all visitor 
activities; suitable only for 
guided interpretation from trails 
placed at safe distance from the 
sensitive elements 
Allow natural succession; remove 
woody plants from hill prairies; 
burn hill prairies 
Restrict visitor activites to 
trails suitable for self-guided 
interpretive walks; involve 
public in hill prairie management 
Allow natural succession in 
woodlands; burn restored prairie; 
plant prairie forbs 
All areas open to public for 
nondestructive uses; suitable 
for intensive interpretive use; 
involve public in prairie 
management 
Manage for high recreational use; 
plant native trees and shrubs to 
regenerate forested areas; plant 
new prairies 
Open to intensive recreational 
and interpretive use 
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Figure 37. Map of sensitivity zones 
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with no interference except for trail maintenance in the Reindeer Ridge 
and Katina Falls area. 
AI: . Reindeer Ridge The north slope of Reindeer Ridge area 
should be off limits to all visitors. Many unauthorized trails in this 
area have destroyed fragile vegetation and some trails which run 
vertically up the slope have created serious erosional problems. Brush 
or fencing should be used to discourage the use of these trails. The 
lower portion of the slope near the sandstone outcrops are in 
particularly bad condition. A fence or some other deterrent should be 
used here to preserve this very fragile community. This area, and the 
reindeer lichen-juniper moss site in particular, are the most interesting 
and delicate sites botanically in the park. Prevention of trampling of 
these areas is crucial to their survival. 
The best development of the reindeer lichen-juniper moss association 
is adjacent to several trails. It is important that no unauthorized 
trails be allowed to dissect this area as any foot traffic will dislodge 
and destroy this community. Portions of this delicate vegetation 
association occur throughout Reindeer Ridge and undoubtedly it was more 
widespread at one time. If the use of current unauthorized trails can be 
curbed by fencing or brush piles, reindeer lichen and juniper moss may 
recolonize these sites. 
For interpretation of the reindeer lichen-juniper moss association, 
it would be best to select areas of this association which are already 
disturbed but still sufficiently intact to display the association and 
its fragility. It is the author's opinion that it is best to steer all 
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use, including interpretation, away from the site along the lower trail 
where the association is undamaged. This is a very precious site and 
utmost care should be taken to assure that it is preserved. Even 
infrequent walking on the edge of this area by an interpretor would cause 
damage. 
A2: Katina Falls The sandstone ledges and steep wooded slopes 
by Katina Falls should be protected. The sandstone here supports many 
interesting and unusual bryophyte and lichen species which are destroyed 
by rappelling and rock climbing. The wooded slopes are also very diverse 
and rich in vascular plant species. The trails which exist through this 
area can be used effectively to interpret the sandstone communities which 
are a prominant aspect of the park, but visitors must be restricted to 
the trails. 
A3: Lady Slipper Falls The site on Davis Creek where the Usnea 
and Matteucia occur should be protected. Currently, there are no trails 
up this ravine and only a few people follow the creek bed up the valley. 
A trail has been proposed, in the master plan, to follow the creek. In 
order to preserve this site, it is recommended that the trail be rerouted 
up along the hillside to the east of the creek and eventually return to 
the creek bottom farther north (Figure 37). 
A4: Walking Fern Hollow Access to Walking Fern Hollow should be 
restricted as is planned in the master plan. Botanical features worthy 
of interpretation in this area, such as leatherwood and walking fern, can 
be found elsewhere in the park. This area should be open to research 
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which has no detrimental impact on the vegetation and will contribute to 
the knowledge of the vegetation of the Ledges and central Iowa. 
AS: Sandstone Ledges of the Main Canyon The sandstone outcrops 
throughout the park should be protected with rock climbing or rappelling 
prohibited. The sandstone exfoliates easily, and climbing on the 
sandstone causes plants to be sloughed off. It takes a very long time 
for mosses, ferns, and other plants to recolonize the raw sandstone 
exposed by such disturbances. 
Zone B: Communities Unusual in Central Iowa 
These are communities which are unusual in central Iowa because of 
their rarity or because of their high degree of development. The latter 
types are species rich and relatively undisturbed. Zone B areas should 
be restricted and open to the public only through carefully placed trails 
or supervised interpretive activities. Except for hill prairies, no 
active management should be conducted in these areas. Natural succession 
should be allowed to occur here with changes monitored through periodic 
resurveys of the permanent plots as described earlier. 
B1: North Slope The north-facing slope east of and adjacent to 
Reindeer Ridge also has northern species although not as many as Reindeer 
Ridge. The development of the forest here is very different from most 
other sites in the park. The species diversity is very high and the 
association of species growing here is very unusual in its inclusion of 
large numbers of Juglans cinerea and Fraxinus nigra. 
B2: Chinkapin Creek North Slope The north-facing slope south of 
Chinkapin Creek is an excellent example of an undisturbed north-facing 
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community. It is probably not as old as the previously mentioned north-
slope community, but is a better example of a maple-basswood community. 
It contains all of the typical north slope community species and is the 
only site in the park for Habernaria viridis, the bracted orchid. 
The proposed trail which extends north from the campground, as 
currently routed, will dissect this relatively undisturbed area as it 
crosses Chinkapin Creek. A better site for this trail would be the old 
road cut which is east of this proposed trail. The old road is 
sufficiently healed to not have the feeling of a road and no further 
damage to the vegetation would be incurred by using the road rather than 
building a new trail. Furthermore, the road is wide enough to be used by 
cross country skiers in the winter (Figure 37). 
B3: South-Facing Slump Forest This forest appears to be very 
mature with many large trees. The tallest trees in the park can be found 
here. The slumps give the area a gentle topography and in some instances 
almost an open, park-like aspect. A high diversity of species can be 
found in this forest. 
B4: Hill Prairies Only a few hill prairies exist at the Ledges 
and all are in danger of being overgrown by woody vegetation. If the 
hill prairies are to persist, woody invaders must be removed. These 
areas are small enough that cutting woody invaders out and burning these 
areas every three or four years would maintain them in prairie condition. 
This management must be enacted soon or these areas will be lost to woody 
vegetation. 
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Zone C: Vegetation Typical of Central Iowa 
The vegetation in this category is typical of woodland and prairie 
communities throughout Iowa. It has been disturbed either through 
logging or grazing and has been left to recover naturally. These areas 
are not especially species rich or old. They contain the usual elements 
of any natural community in central Iowa. They may contain unusual or 
rare species such as Corallorhiza odontorhiza, the coral-root orchid, 
found on the upland adjacent to the prairie, but this is not common. 
These areas should be open to the public. Recreation trails should be 
developed in these areas and interpretation activities encouraged. 
The wooded areas should be allowed to succeed naturally, except for 
removal of introduced weedy invaders. In particular, in the area around 
Hutton Memorial Trail, Lonicera japonica has begun to spread rapidly 
(Figure 37). This is a weedy introduced vine and should be removed 
before it damages other vegetation. 
The restored prairie has not been burned recently and is in need of 
burning to eliminate woody invaders and stimulate growth of forbs. Half 
of the prairie should be burned every two or three years. More forbs 
need to be introduced to this prairie to make it more representative of a 
true native prairie. Forb introduction would be best accomplished by 
transplanting from other prairies or from artificial plantings as seeding 
of forbs into an already dense mat of grass is not likely to be 
successful. 
~~: Disturbed or Otherwise Altered Vegetation 
The areas included in this category are disturbed from past logging 
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and heavy grazing or from human utilization. These areas should be 
managed for specific purposes as outlined below. 
D1: Disturbed Areas These areas are very recently disturbed 
mainly by heavy grazing. The areas are relatively open with a few open-
grown trees scattered throughout. Many of the species found here are 
weedy and thorny. These weedy and thorny species are generally 
intolerant of shade and will eventually be replaced as a forest canopy 
develops. These sites are good areas for the study of old field 
succession. Removal of thorny and weedy species should be done only near 
trails. 
D2: High Use Recreational Areas These areas receive most of the 
visitors and associated impact. They should be managed to withstand high 
use and to enhance recreational and educational goals. Native trees, 
shrubs, and grasses should be planted where possible so that these areas 
at least partially reflect natural conditions and native Iowa flora. 
The woodlands in this zone (picnic areas, for example) contain only 
canopy trees with little or no reproduction of canopy or other species 
and essentially no understory layer. This is a result of mowing, which 
has prevented the establishment of seedlings. As these woodlands mature 
and canopy trees die, there will be no understory saplings or seedlings 
available to fill in canopy gaps. Shade tolerant species should be 
planted in these areas to ensure that the forest reproduces itself. 
D3: Aspen Upland The open field north of the Aspen Upland has 
been designated in the Ledges Master Plan to be restored to a prairie. 
This should be pursued, planting both prairie forbs and grasses native to 
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Iowa. Seeds should be obtained from central Iowa prairies or as close 
geographically as possible. 
Except in Zone D areas, management policies should allow natural 
succession. Resultant succession will provide important lessons for both 
professional and lay interests. 
have generally met with failure. 
Attempts by man to improve on nature 
Multiflora rose found throughout the 
park is an example of this. Allowing succession to occur naturally will 
help us to understand what works and what does not in a natural system. 
Knowing this will help us to more effectively manage other natural areas 
for human endeavors. 
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SUMMARY 
The vegetation of the Ledges State Park was studied with the 
following results. 
1. A phytogeographic analysis was conducted reviewing the pertinent 
literature and examining the distributions of species occurring in the 
park. It was concluded that a number of species currently present at the 
Ledges State Park are probably relicts of a flora which existed in Iowa 
shortly after glaciation. 
2. Fifty-four permanent vegetation plots were established 
throughout the park, sampling the diversity represented by different 
aspects, slopes, and degrees of disturbance. These served as the basis 
of a quantitative vegetation survey and will serve in the future as a 
basis for long-term vegetational changes. 
3. Basal area, line-intercept cover, and herbaceous cover were 
ordinated using Bray-Curtis Ordination. The resulting ordinations reveal 
seven major vegetation types: Quercus alba (QA), Quercus alba-Quercus 
~ (QAR), Quercus rubra (QR), Quercus rubra-Tilia americana (QRTA), 
~ americana (TA), slump forest (QARS), and bottomland (IN). Moisture 
and aspect were found to be important factors in determining the 
distribution of dominant species. Excluding slump forest and bottomland, 
QA, found on flat uplands, is the dryest type and TA, found on steep 
north slopes, is the wettest. The species composition of slump forests 
is determined by the benched topography of areas resulting from soil 
slumping. A correlation between the woody vegetation type and herbaceous 
cover was also found. 
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4. Each of the seven major vegetational types are described in 
terms of the distribution, environment, vegetation composition, and 
disturbance. The disturbed woods type, prairie and hill prairie types, 
and other small miscellaneous vegetation types are briefly described. 
5. The major vegetation types were examined for trends in species 
composition. A continuum is clearly evident, but dominant species, both 
trees and herbs, have distinctive preferences for particular aspects and 
moisture regimes. Sapling and understory species were examined for 
successional trends. 
6. Suggestions regarding management and interpretation in the park 
are made. 
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APPENDIX A: SPECIES LIST 
Habitats: 
1) Quercus alba - upland 
2) Q. alba-Q. rubra - hillslopes 
3) Q. rubra - hillslopes, "slump forest" 
4) Tilia americana-Acer nigrum 
5) Prairie, hill prairie 
6) Bottomland 
7) Planted or weedy - roadsides, old fields 
Occurrence: 
Common 
Frequent 
Occasional 
Infrequent 
Rare 
•• 
Eguisetophyta 
EQUISETACEAE 
Equisetum arvense L. 
Field Horsetail 
Equisetum x ferrissii 
Clutte 
Hybrid Scouring-rush 
Equisetum hymale L. 
Common Scouring-rush 
Equisetum laevigatum 
A. Braun 
Smooth Scouring-rush 
Equisetum sylvaticum L. 
Woodland Horsetail 
o 
X 
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x X 5 
X 
X X 6 
X 
x 
NOT E S 
Infrequent on sandy 
alluvium Ellis 
(1914), Bissel and 
Pammel (1920), 
Pamme1 (1927) 
Melhus (no date) 
Common on sandy 
alluvium 
Pammel et al. (1903) 
Ellis (1914) 
Melhus (no date) 
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Polypodiophyta 
NOT E S 
ADIANTACEAE (Maidenhair Fern Family) 
Adiantum pedatum L. X X X 3,4 Frequent in rich woods 
Northern Maidenhair Fern 
ASPLENIACEAE (Common Fern Family) 
Athyrium filix-femina X X X 5,6 Frequent on moist slopes 
(L.) Roth 
Lady Fern 
Camptosorus rhizophyllus 0 
(L) Link 
X X 3,4 Frequent on sandstone 
Walking Fern 
Cystopteris fragilis (L) 0 
Bernh. 
Fragile Fern 
Cystopteris protusa 
(Weath.) Blasdell 
Creeping Fragile Fern 
Dryopteris spinulosa 
(0. F. Muell.) Watt 
Spinulose Shield-fern 
Matteuccia struthiopteris 0 
(L.) Tod. 
Ostrich Fern 
Woodsia obtusa (Spreng.) X 
Torr. 
Blunt-lobed Woodsia 
outcrops, Several 
collections (1903-1976) 
X X 2,3,4 Common on woody slopes, 
Several collections 
(1898-1914) 
X 
X 
6 
X X 3,4 
Pammel (1912) 
J. H. Peck (1976) 
Rare, Davis Creek 
Frequent on shady hill-
slopes and sandy 
outcrops 
OPHIOGLOSSACEAE (Adder's 
Botrychium virginianum 
(1.) S. W. 
Tongue Fern Family) 
X X X 3,4,6 Frequent in rich woods 
Rattlesnake Fern 
OSMUNDACEAE (Royal Fern Family) 
Osmunda claytoniana L. 0 
Interrupted Fern 
POLYPODIACEAE 
Polypodium virginianum L. X 
Common Polypody 
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X 
HABITAT NOT E S 
7 Rare, planted along trail 
X 4 
to Lost Lake 
Infrequent on sandstone 
outcrops 
Pinophyta 
CUPRESSACEAE (Cypress Family) 
Juniperus virginiana L. X 
PINACEAE (Pine Family) 
Picea glauca (Moench.) 
Voss 
White Spruce 
Pinus banksiana Lamb. 
Jack Pine 
Pinus nigra Arnold 
Austrian Pine 
Pinus resinosa Ait. 
Norway Pine 
Pinus strobus L. 
White Pine 
Pinus sylvestris L. 
Scotch Pine 
X 
X 
0 
X 
X 
X 
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X 
HABITAT 
X 5 
7 
7 
7 
7 
7 
7 
NOT E S 
Occasional, dry disturbed 
sites 
In Platanus plantation 
In Pinus plantation 
In Pinus plantation 
In Pinus plantation 
In Pinus plantation and 
by Hutton Memorial 
In Pinus plantation 
Magnoliophyta 
Liliatae 
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ALISMATACEAE (Water-plaintain Family) 
Alisma plantago-aquatica X 
Water Plantain (L.) 
Sagitta ria engelmanniana 
J. G. Smith 
Arrow-head 
X 
Sagittaria latifolia 
Willd. 
X X 
Arrow-head 
AMARYLLIDACEAE (Amaryllis Family) 
HABITAT 
Hypoxis hirsuta (L.) Cov. X X X 2 
Star-grass 
ARACEAE (Arum Family) 
Arisaema dracontium (L.) 0 
Schott 
Green Dragon 
Arisaema triphyllum (L.) X 
Schott 
Jack-in-the-pulpit 
COrfrlliLINACEAE (Spiderwort Family) 
X X 4 
X X 3,4 
Tradescantia bracteata X X 
Small 
Prairie Spiderwort 
CYPERACEAE (Sedge Family) 
~ assiniboinensis W. 
Boott. 
)edge 
X 
NOT E S 
Buchanan (1902) 
Pammel et al. (1903) 
Infrequent 
Infrequent, Pammel (1897, 
1898, 1913) 
Frequent in rich woods 
Pammel (1898) 
Carex cephalophora Muhl. 
Carex crawei Dewey. 
Carex cristatella Britt. 
Carex davisii Schwein and 
Torr. 
Carex eburnea Boot. 
--
Carex gravida Bailey 
Carex grisea Wahl. 
Carex hystericina Muhl. 
Carex laxiflora Lam. 
Carex lupulina Muhl. 
Carex oligocarpa Schk. 
Carex panicea L. 
Carex pedunculata Muhl. 
Carex pensylvanica Lam. o 
~ rosea Schk. 
203 
x 
x 
x 
x 
x X 
X X 
X 
X 
X X 
X 
X X 
X 
X 
X X 2,3 
X X 
NOT E S 
Pammel and Combs (1897) 
Pammel (1921) 
Pammel and Buchanan 
(1903) 
Weber (1939) 
Pammel (1898) Pammel et al. 
(1903) Weber (1938) 
Pammel (1898) Weber (1939) 
Pammel (1924) 
Several collections 
(1897-1938) 
Pammel (1913) 
Pammel and Ball (1897) 
Pammel and Bissell (1910) 
Common, Hayden (1937) 
Smith (1965) 
Pammel (1902, 1921) 
Carex suberecta (Olney) 
Britt. 
Cyperus esculentus L. 
Yellow Nut-grass 
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HABITAT 
X 
x X 
Eleocharis palustris (L.) X 
R. & S. 
Spike Rush 
Scirpus atrovirens Willd. 
Bulrush 
Scirpus validus Vahl. 
Great Bulrush 
IRIDACEAE (Iris Family) 
Sisyrinchium campestre 
Bickn. 
Blue-eyed Grass 
JUNCACEAE (Rush Family) 
Juncus tenuis Willd. 
Path Rush 
LILIACEAE (Lily Family) 
Allium canadense L. 
Wild Onion 
Allium tricoccum Ait. 
Wild Leek 
X 
X 
X 
X 
Erythronium albidum Nutt. X 
Dog-tooth Violet 
X 
X X 
X 1,5 
X 6,7 
X X 3,4 
X 3,4 
X X 2,3,4 
NOT E S 
Pammel (1902) 
Pammel (1908) 
Pammel et al. (1903), 
Pammel and Macklin 
(1912), 
Ellis (no date) 
Ellis (1914) 
Infrequent 
Frequent 
Infrequent 
Infrequent, rich woods 
Occasional, woods 
Lilium philadelphicum L. 0 
Wood-lily 
Polygonatum biflorum 
(Willd. ) Ell. 
Solomon's Seal 
x 
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x 
3,4 
Polygonatum commutatum X 
(R. & S.) Dietr. 
Solomon's Seal 
Polygonatum pubescens 
(Willd.) Pursh. 
Solomon's Seal 
Smilacina racemosa (L.) 
Desf. 
False Spikenard 
Smilacina stellata (L.) 
Des£. 
False Solomon's Seal 
Smilax ecirrhata 
(Engelm.) Wats. 
Greenbrier 
Smilax herbacea L. 
Carrion-flower 
Smilax hispida Huhl. 
Greenbrier 
Trillium cernuum L. 
Nodding Trillium 
X 3,4 
X X X 3,4 
X X 1,2 
X X 2 
o X X 2,3 
o X X 6 
o 6 
NOT E S 
Reported by G. Hightshoe 
on NE edge of restored 
prairie 
Frequent, upper edge of 
wooded slopes 
Occasional, wooded slopes 
Frequent, wooded slopes 
Infrequent 
Infrequent 
Occasional, Ellis (1914) 
Frequent, Pammel (1898) 
Rare, planted along trail 
to Lost Lake 
Trillium nivale Riddell. X 
Snow Trillium 
Uvularia grandiflora Sm. X 
Bellwort 
ORCHIDACEAE (Orchid Family) 
Corallorhiza odontorhiza X 
(Willd. ) Nutt. 
Coral-root 
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X 
X 
Cypripedium candidum Muhl. X 
White Lady-slipper 
Cypripedium reginae Walt. 
Showy Lady-slipper 
Habenaria viridis (L.) 
R. Br. 
Bracted Orchid 
Orchis spectabilis L. 
Showy Orchis 
POACEAE (Grass Family) 
Agropyron repens (L.) 
Beauv. 
Quack Grass 
Agrostis hyemalis (Walt.) 
BSP. 
Ticklegrass 
Agrostis perennans 
(Walt.) Tuckerm. 
Upland Bentgrass 
X 
X X 
X X 
o 
x 
X X 
NOT E S 
X 1,2,3,4 Common 
X 2,3,4 
1 
X 
X 4 
X 4 
X 6,7 
x 
X 1-4 
Common 
Rare, disturbed woods 
Henning (1927) 
probably planted 
Rare, north slope of 
Chinkapin Creek 
Rare, Reindeer Ridge 
north slope 
Disturbed sites, Sons 
(1941) 
Pammel et al. (1903) 
Infrequent 
Agrostis stolonifera L. 
Redtop 
Andropogon gerardii 
Vitman 
Big Blue Stem 
Andropogon scoparius 
Michx. 
(=Schizachyrium ~.) 
Little Blue Stem 
Bouteloua curtipendula 
(Michx.) Torr. 
Side-oats Grama 
Bromus inermis Leyss 
Smooth Brome 
Bromus pubescens Muhl. 
Brome Grass 
Bromus purgans L. 
Brome Grass 
Cenchrus longispicus 
(Hack.) Fern. 
Sandbur 
Cinna arundinacea L. 
-WOOd reed 
Dactylis glomerata L. 
Orchard Grass 
x 
x 
x 
x 
x 
x 
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HABITAT 
x x 
x X 5 
5 
X 5 
X 7 
x 
x 
x 6 
x x 
7 
NOT E S 
Pammel et al. (1903) 
Sons (1941) 
Occasional on dry ridges, 
common in prairie 
Occasional in prairie 
Occasional in prairie 
Common roadsides 
Pammel (1923) 
Infrequent, on sandy soil 
along Pease Creek 
Pammel et al. (1903) 
Anderson (1942) 
Infrequent 
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Danthonia sEicata (L. ) X X Weber (1939), Morrill 
Beauv. (1951) 
Poverty-grass 
Diarrhena americana X X 2,3 Infrequent 
Beauv. 
Digitaria ischaemum X X Pammel and Ball (1896) 
(Schreb. ) Huhl 
Smooth Crabgrass 
Digitaria sanguinalis X X X 6,7 Occasional 
(L. ) Scop. 
Hairy Crabgrass 
Echinochloa crusgalli X 
(L. ) Beauv. 
Barnyard Grass 
Echinochloa muricata X 6,7 Infrequent 
(Beauv. ) Fernald 
Barnyard grass 
Elymus canadensis L. X X 5 Occasional 
Canada Wild Rye 
Elymus riEarius Wieg. X 5 Rare, Reindeer Ridge 
River Bank Wild Rye 
Elymus villosus Huhl. X X 5 Occasional 
Slender Wild Rye 
Elymus virginicus L. X X X 5 Frequent 
Virginia Wild Rye 
Eragrostis caEillaris X X Pammel and Ball (1897) 
(L. ) Nees. 
Lacegrass 
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r-I:><O H H HABITAT NOT E S 
Eragrostis cilianensis X 
(All.) Link 
Stink Grass 
Eragrostis frankii X X Pammel and Ball (1896) 
C. A. Meyer 
Lovegrass 
Eragrostis hypnoides X X Pammel and Ball (1896) 
(Lam.) BSP 
Lovegrass 
Eragrostis Eilosa (L. ) X 
Beauv. 
Pony Grass 
Festuca arundinacea X 7 Occasional, roadside 
Schreb. disturbed areas 
Alta Fescue 
Festuca obtusa Biehler X Tolstead (1934), Sons 
Nodding Fescue (1941) 
Gl~ceria striata (Lam. ) X X X 6 Occasional 
Hitch 
Fowl Meadow Grass 
Hordeum jubatum L. X X 7 Frequent along road 
Squirrel-tail Barley 
Hystrix Eatula (L. ) X X X 1,2,3 Common in dry woods 
Moench 
Bottlebrush Grass 
Leersia or~zoides (L. ) X X McClure (1953) 
Cutgrass Sw. 
Leersia virglnlca Willd. X 
Whitegrass 
Muhlenbergia frondosa 
(Poir.) Fern. 
Muhly Grass 
Muhlenbergia mexicana 
(L.) Trin. 
Muhly Grass 
Muhlenbergia racemosa 
(Michx.) B.S.P. 
Muhly Grass 
Muhlenbergia schreberi 
Nimblewill Gmel. 
Muhlenbergia sobolifera 
(Muhl . ) Trin. 
Muhly Grass 
Muhlenbergia tenuiflora 
(Willd.) B.S.P. 
Muhly Grass 
Oryzopsis racemosa 
(J.E. Smith) Ricker 
Panicum capillare (L.) 
Witchgrass 
Panicum lanuginosum Ell. 
Panic Grass-
x 
x 
x 
x 
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HABITAT 
x X 6 
7 
x 3,4,6 
x X 7 
x 
x 
x 
4 
x 
x x 
NOT E S 
Frequent 
Occasional 
Frequent 
Occasional 
Pammel and Miller (1912) 
Isely (1945) 
Infrequent 
Lelong (1962) 
Reindeer Ridge 
Panicum latifolium L. 
Broad-leaved Panic Grass 
Panicum praecocius 
Hitch. and Chase 
Early Panicum 
Panicum scribnerianum 
Nash. 
Small Panic Grass 
Panicum villosissimum 
Nash. 
Panic Grass 
Panicum virgatum L. 
Switchgrass 
Phalaris arundinacea L. 
Reed Canary Grass 
Phleum pratense L. 
Timothy 
Poa annua L. 
-----Annual Bluegrass 
Poa pratensis L. 
Kentucky Bluegrass 
x 
x 
x 
x 
o 
x 
Setaria faberi Herrm. X 
Nodding Foxtail, Giant 
Foxtail 
Setaria lutescens 
(Weigel) F. T. Hubb 
Yellow Foxtail 
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NOT E S 
x X 1-4 Common 
x Pammel et ale (1903) 
7 Infrequent 
x 
x 7 Common 
5,6 Occasional 
x X 7 Roadsides, Ellis (1914) 
x Lammers (1976) 
x X 5,7 Common in lawns and woods 
6,7 Occasional 
X 
Setaria verticillata (L.) 
Beauv. 
Bristly Foxtail 
Setaria viridis (L.) 
Beauv. 
Green Foxtail 
Sorghastrum natans (L.) 
Nash 
Indian Grass 
Sphenopholis obtusata 
(Michx.) Scribn. 
Wedge Grass 
Sporobolus vaginiflorus 
(Torr. ) Wood. 
Poverty Grass 
TYPHACEAE (Cat-tail Family) 
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x x 
x x 
x 
Typha latifolia L. X 
Common Cat-tail 
NOT E S 
x Pammel and Macklin (1912) 
7 Common, roadsides 
X 6 Common 
x Pammel et al. (1903) 
x Pammel and Miller (1912) 
Magnoliophyta 
Magnoliatae 
ACERACEAE (Maple Family) 
Acer negundo L. 
Boxelder 
Acer nigrum Michx. f. 
Black Maple 
Acer saccharinum L. 
Silver Maple 
x 
o 
X 
AMARANTHACEAE (Amaranth Family) 
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HABITAT 
6,7 
x X 3,4 
X X 6 
Amaranthus graecizans L. X 
Prostrate Pigweed 
Amaranthus retroflexus L. X 
Pigweed 
ANACARDIACEAE (Cashew Family) 
Rhus glabra L. X 
Smooth Sumac 
Rhus radicans L. 
(=Toxicodendron r.) 
Poison-ivy 
APIACEAE (Parsley Family) 
Chaerophyllum procumbens 
(L.) Crantz. 
Prostrate Chervil 
Cicuta maculata L. 
Spotted Cowbane 
CryPtotaenia canadensis 
(L.) D.C. 
Honewart 
X 
X 
X 
X 
X 
X 
X 
X 5,7 
6,7 
X 
X 
NOT E S 
Frequent in disturbed 
areas 
Common, several col-
lections 1898-1902 
Frequent on Des Moines 
River 
Common along edge of 
prairie 
Common throughout 
Pammel (1898, 1900) 
Wolden (1928) 
Pammel (1898), 
Pammel et al. (1903) 
Heracleum lanatum Michx. 
Cow-parsnip 
APIACEAE 
Osmorhiza clay toni 
(Michx.) Clarke. 
Sweet Cicely 
Osmorhiza longistylis 
(Torr.) D.C. 
Anise-root 
Pastinaca sativa L. 
Wild Parsnip 
Sanicula canadensis L. 
Canadian Black 
Snakeroot 
x 
x 
Sanicula gregaria Bickn. X 
Common Snakeroot 
Sanicula marilandica L. 
Black Snakeroot 
Taenidia integerrima (L.) X 
Drude 
Yellow Pimpernel 
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x 
x 
x 
x 
X 
X 
Zizia aptera (Gray) Fern. X 
Golden Alexanders 
Zizia auera (L.) Koch. 
--aoIden Alexanders 
X X 
III 
~ 
QJ 
..d 
u 
:s 
o 
> 
x 
HABITAT 
X 3,4 
X 7 
x 
NOT E S 
Pammel (1913) 
Ellis (1914) 
Occasional in moist woods 
Occasional 
Pammel (1913) 
Pammel and Anderson 
(1915) 
X 1,2,3,4 Frequent 
X 1,2 Occasional 
X 5 Occasional 
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APOCYNACEAE (Dogbane Family) 
Apocynum androsaemifolium X 
Dogbane 
Apocynum cannabinum L. X 
Indian Hemp 
ARALIACEAE (Ginseng Family) 
Acanthopanax sieboldianus X 
Makino 
X X 1,5 
7 
Aralia nudicaulis L. X X X 3,4 
Wild Sarsaparilla 
Aralia racemosa L. X x X 2,3,4 
Spikenard 
Panax quinquefolium L. X 
Ginseng 
ARISTOLOCHIACEAE (Birthwort Family) 
Asarum canadense L. X X 
Wild Ginger 
ASCLEPIADACEAE (Milkweed Family) 
Asclepias incarnata L. X 
Swamp Milkweed 
Asclepias purpurascens L. 
Purple Milkweed 
Asclepias syriaca L. X 
Common milkweed 
Asclepias verticillata L. X 
Whorled Milkweed 
X 
X 
X 
X 3,4 
X 
X 
5,7 
1,5 
NOT E S 
Infrequent, dry woods 
or hill prairies 
Escaped cultivator 
Occasional 
Occasional 
Anderson (1942) 
Frequent in moist woods 
Ellis (1914) 
Ellis (1914) 
Clawson (1954) 
Occasional, roadsides 
Infrequent 
ASTERACEAE (Aster Family) 
Achillea millefolium L. 
Common Yarrow 
Ambrosia artemisiifolia 
Common Ragweed (L.) 
Ambrosia psilostachya D.C. 
Western Ragweed 
Ambrosia trifida L. 
Great Ragweed 
Antennaria neglecta 
Greene 
Field Pussy toes 
Antennaria 
plantaginifolia 
(L.) Richards 
Pussy toes 
Arctium minus Schk. 
Common Burdock 
Aster azureus Lindl. 
---Sky Blue Aster 
Aster cordifolius L. 
Blue Wood Aster 
Aster laevis L. 
---Smooth Aster 
Aster lateriflorus (L) 
Britt. 
Side-flowered Aster 
x 
x 
x 
x 
x 
x 
x 
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HABITAT 
x X 7 
x 7 
x 
X 7 
1 
x x 
x 
5 
x X 1,2,3 
x 
1 
NOT E S 
Infrequent, old pasture 
Occasional, disturbed 
sites 
Occasional, disturbed sites 
Occasional, along dry 
exposed ridges 
Several Collections 
(1902-1945) 
Infrequent, edge of 
prairie 
Common throughout woods 
Pammel and Miller 
(1912) 
Infrequent 
Aster novae-angliae L. 
New England Aster 
Aster praealtus Poir. 
Willow Aster 
Aster prenanthoides Huhl. 
Aster 
Aster ptarmicoides 
(Nees.) T. & G. 
Aster 
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x 
x 
Aster sagittifolius Willd. X 
Arrow-leaved Aster 
Aster simplex Willd. X 
Panic led Aster 
Bidens cernua L. X X 
Stick-tight 
Bidens discoidea (T. & G.) X 
Britt. 
Beggar-ticks 
Bidens frondosa L. 
Beggar-ticks 
Boltonia asteroides (L.) 
L'Her. 
Boltonia 
X X 
X 
Cacalia tuberosa Nutt. X 
Tuberous Indian-plantain 
x 
6 
x 
1,5 
6 
X 6 
6,7 
NOT E S 
Pammel et al. (1903) 
Occasional, wet sites 
Pammel (1912) 
Infrequent 
Occasional 
Occasional 
Occasional, wet disturbed 
sites 
Cirsium altissimum (L.) 
Spreng. 
Tall Thistle 
Cirsium discolor (Muhl.) X 
Spreng. 
Field Thistle 
Cirsium vulgare (Savi) 
Tenore. 
Bull Thistle 
Conyza canadensis (L.) 
Cronq. 
Horseweed 
Coreopsis palmata Nutt. 
Stiff Tickseed 
Coreopsis tripteris L. 
Tickseed 
Dyssodia papposa (Vent.) 
Hitch. 
Fetid Marigold 
Echinacea pallida Nutt. 
Purple Coneflower 
Erigeron annuus (L.) 
Pers. 
Daisy Fleabane 
Erigeron philadelphicus 
Common Fleabane L. 
X 
X 
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HABITAT 
x 
X X 5 
X 
X X 
X X 
X 
X 
X 
X X 5,7 
X X 6,7 
NOT E S 
Occasional, along edge of 
prairie, disturbed 
sites 
Pammel (1902) 
Several Collections 
(1903-1914) 
Cratty (1920) 
Pammel et al. (1926) 
Frequent, along roads open 
fields 
Occasional, along creek 
and roadside 
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Eupatorium perfoliatum L. X 
Thoroughwort Boneset 
Eupatorium purpureum L. X X 1,7 Occasional, dry sites 
Sweet Joe-pye-weed 
Eupatorium rugosum Houtt. X X 2,3 Occasional, throughout 
White Snakeroot woods 
Gnaphalium obtusifolium X 5 Infrequent, dry sites 
Sweet Everlasting L. 
Helenium autumnale L. X 
Sneezeweed 
Helianthus grosseserratus X X 5,6 Occasional, wet spots 
Martens 
Serrate Sunflower 
Helianthus strumosus L. X X Buchanan (1902), Macklin 
Pale-leaved Wood and Pammel (1912), 
Sunflower Cratty (1920) 
Helianthus tuberosus L. X X X 6 Occasional, moist 
Jerusalem-artichoke disturbed sites 
Heliopsis helianthoides X X Pammel et al. (1903) 
(L.) Sweet 
Ox Eye 
Hieracium scabrum Michx. X Pammel and Miller (1912) 
Rough Hawkweed 
Iva xanthifolia Nutt. X Pammel and Fisk (1927) 
Marsh-elder 
Kuhnia eUEatorioides L. 
False Boneset 
Lactuca canadensis L. 
Wild Lettuce 
Lactuca floridana (L. ) 
Gaertn. 
Blue Lettuce 
Lactuca serriola L. 
Prickly Lettuce 
Liatris aSEera Michx. X 
Rough Blazing Star 
Liatris E1cnostach1a Michx. 
Prairie Blazing Star 
Matricaria 
matricarioides 
(Lees.) Porter 
Pineapple-weed 
Prenanthes alba L. X 
White Lettuce 
Ratibia Einnata (Vent.) X 
Barnh. 
Prairie Coneflower 
Rudbeckia hirta L. X 
Black-eyed Susan 
Rudbeckia laciniata L. 
Green-headed Coneflower 
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X 
X 
X 
X 
X 
X 
X X 
X X 
X X 
X 
HABITAT 
1,2 
3,4 
5,6 
5,6 
NOT E S 
Occasional, dry woods 
Pammel (1913) 
Frequent in moist woods 
Occasional, sandy soil 
along creek 
Occasional 
Anderson (1942) 
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Rudbeckia subtomentosa X 5,6 Occasional 
Pursh. 
Coneflower 
Rudbeckia triloba L. X 5,6 Occasional 
Thin-leaved Coneflower 
Senecio EauEerculus Michx. X 
Balsam Ragwort 
Silphium lacinatum L. X 
Compass-plant 
SilEhium Eerfoliatum L. X X X 2,3,6 Occasional 
Cup-plant 
Solidago canadensis L. X 
Tall Goldenrod 
Solidago flexicaulis L. X X 1,2 Frequent 
Zigzag Goldenrod 
SOlidago gigantea Ait. X Cratty (1920) 
Late Goldenrod 
Solidago hisEida Muhl. X 2,3 Infrequent 
Hairy Goldenrod 
Solidago missouriensis X 1,5 Occasional 
Nutt. 
Missouri Goldenrod 
Solidago nemoralis Ait. X X 1,2 Frequent 
Gray Goldenrod 
Solidago radula Nutt. 
Goldenrod 
Solidago rigida L. 
Stiff Goldenrod 
Solidago speciosa Nutt. 
Showy Goldenrod 
Solidago ulmifolia Huhl. X 
Elm-leaved Goldenrod 
Sonchus asper (L.) Hill 
Sow-thistle 
Sonchus oleraceus L. 
Common Sow-thistle 
Tanacetum vulgare L. 
Tansy 
Taraxacum officinale 
Weber 
Common dandelion 
Tragopogon dubius Scop. 
Goat's-beard 
Verbesina alternifolia 
(L.) Britt. 
Crownbeard 
Veronia fasciculata Hichx. 
Bunched Ironweed 
X 
X 
X 
X 
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x 
x X 
X 
X X 1,2,3 
6,7 
X 
X X 
X 7 
7 
2,3 
X 
NOT E S 
Buchanan (1902) 
Pammel and Ball (1898) 
Common 
Occasional 
Pammel and Anderson 
(1913) 
Frequent 
Occasional, roadsides 
Occasional 
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NOT E S 
Xanthium strumarium L. x x Buchanan (1902) 
Cocklebur 
BALSAMINACEAE (Touch-Me-Not Family) 
Impatiens biflora Walt. X X 6 Common, along creeks 
Spotted Touch-me-not 
Impatiens pallida Nutt. X X Pammel et a1. (1903) 
Ellis (1914) Pale Touch-me-not 
BERBERIDACEAE (Barberry Family) 
Berberis thunbergii DC. X 
Barberry 
Caulophyllum 
thalictroides 
(L.) Michx. 
Blue Cohosh 
X 
Podophyllum peltatum (L.) X 
May-apple 
BETULACEAE (Birch Family) 
Carpinus caroliniana 
Walt. 
Blue-beech 
Corylus americana Walt. 
American Hazel 
X 
X 
Ostrya virginiana (Mill.) X 
K. Koch 
Hop Hornbeam, Ironwood 
X 
X 
X 
X 
BIGNONIACEAE (Trumpetcreeper Family) 
Catalpa speciosa Warder X 
Cigar Tree 
7 
3,4 
X 1,2 
X 3,4,6 
X 1,5 
Occasional, escaped from 
cultivation 
Infrequent, moist woods 
Frequent in dense patches 
Common, moist woods 
Common, boundary between 
prairie and woods 
X 1,2,3,4 Common 
7 Rare, planted along Pease 
Creek 
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BORAGINACEAE (Borage Family) 
Cynoglossum boreale Fern. X 
Northern Wild Comfrey 
Cynoglossum officinale L. X 
Common Hound's-tongue 
Hackelia virginiana (L.) 
Johnst. 
Stickseed 
Lithospermum canescens 
(Mi chx . ) Lehm . 
Hoary Puccoon 
Lithospermum incisum 
Lehm. 
Narrow-leaved Puc coon 
Lithospermum latifolium 
Michx. 
Broad-leaved Puccoon 
Mertensia virginica (L.) 
Pers. 
Bluebell 
Onosmodium occidentale 
Mackenz. 
Western Marble-seed 
Symphytum officinale L. 
Comfrey 
X 
BRASSICACEAE (Mustard Family) 
Arabis canadensis L. X 
Sickle-pod 
X 
X 
X 
X 
X 
X 
X 
HABITAT 
X 
X 1,5 
X 
x 
x 
X 2,3 
NOT E S 
Pammel et al. (1903) 
Occasional, dry sites 
Pammel (1912) 
Pammel et al. (1903) 
Pammel (1921) 
Bissel and Pammel (1910) 
Infrequent 
Arabis laevigata (Muhl.) 
Poir 
Smooth Rock Cress 
Brassica campestris L. X 
Field Mustard 
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x 
Brassica nigra (L.) Koch X 
Black Mustard 
Capsella bursa-pastoris 
(L.) Medic. 
Shepherd's-purse 
Cardamine bulbosa 
(Schreb.) BSP 
Spring Cress 
Cardamine hirsuta L. 
Bitter Cress 
Cardamine pensylvanica 
Muhl. 
Bitter Cress 
X 
X 
Dentaria laciniata Muhl. X 
Toothwort 
Descurainia pinnata 
(Walt.) Britt. 
Tansy-mustard 
Draba rep tans (Lam.) 
Fern. 
Whitlow Grass 
X 
X 
X 
X 
X 
X 
X 
7 
X 
7 
X 
6,7 
X 3,4 
X 
X 
NOT E S 
Occasional 
Buchanan (1902) 
Common, disturbed areas 
Pammel et al. (1897) 
Pammel and Bissel (1910) 
Infrequent, along creek 
Occasional, hillsides 
Pammel (1898) 
Ellis (1914) 
Draba verna L. 
Whitlow Grass 
Erysimum cheiranthoides 
Wormseed Mustard L. 
Lepidium densiflorum 
Schrad. 
Peppergrass 
Lepidium virginicum L. 
Peppergrass 
Rorippa islandica (Oeder) 
Borbas 
Yellow Cress 
Sisymbrium officinale 
Scop. (L.) 
Hedge-mustard 
CAMPANULACEAE (Bluebell Family) 
Campanula americana L. X 
Tall Bellflower 
Lobelia inflata L. x 
Indian-tobacco 
Lobelia siphilitica L. X 
Great Lobelia 
Lobelia spicata Lam. 
Pale Spike Lobelia 
CANNABINACEAE (Hemp Family) 
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x 
x 
x 
x 
x 
x 
X 
X 
X 
Cannabis sativa L. X 
Hemp 
CIl 
~ 
CIJ 
.s:= 
u 
::s 
o 
> 
x 
x 
x 
X 
X 
X 
HABITAT 
4,6 
7 
6 
NOT E S 
Pammel (1924) 
Pammel et al. (1903) 
Pammel and Buchanan 
(1898) 
Frequent, moist woods 
Infrequent, old field 
Frequent, along creek and 
in wet prairie sites 
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Humulus lupulus L. X X 
Common Hops 
CAPRIFOLIACEAE (Honeysuckle Family) 
Lonicera dioica L. X X X 3,4 
Wild Honeysuckle 
Lonicera japonica Thunb. X 
Japanese Honeysuckle 
Lonicera tatarica L. X 
Tartarian Honeysuckle 
Sambucus canadensis L. 
Common Elder 
Symphoricarpos 
occidentalis 
Hook. 
Wolfberry 
Symphoricarpos 
orbiculatus 
Moench. 
Coralberry 
X 
o 
X 
Triosteum perfoliatum L. X 
Tinker's-weed 
Viburnum dentatum L. 
Arrow-wood 
Viburnum lentago L. X 
Nannyberry 
7 
1 
X X 6 
2,3 
2,3 
X 3,4 
X 
2,3,4 
NOT E S 
Pammel and Buchanan (1896) 
Ellis (1914) 
Occasional 
Common, in vicinity of 
Hutton Memorial Trail 
Common, escaped cultivator 
Occasional, wet gullies 
Infrequent 
Occasional 
Infrequent 
Lelong (1961) 
Occasional 
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Viburnum rafinesquianum 
Schult. 
Downy Arrow-wood 
x 
CARYOPHYLLACEAE (Pink Family) 
Paronychia canadensis 
Wood (L.) 
Forked Chickweed 
Saponaria officinalis L. X 
Bouncing Bet 
HABITAT 
x X 2,3,4 
X 
X 7 
Silene cucubalus Wibel. X 2,3,7 
Bladder-campion 
Silene nivea 
(Nutt.) Otth. 
Snowy Campion 
Silene stellata (L.) 
Ait. f. 
Starry Campion 
CELASTRACEAE (Staff-tree Family) 
X X 
X X 
Celastrus scandens L. X X X 1,5 
Bittersweet 
Euonymus atropurpures 
Jacq. 
Wahoo 
X 
CERATOPHYLLACEAE (Hornwort Family) 
Ceratophyllum demersum L. 
Coontail 
X X 2,3 
X 
NOT E S 
Common 
Scholz et al. (1954) 
Goodman (1940) 
Occasional 
Frequent 
Pammel et al. (1903) 
Pammel (1927) 
Several Collections 
(1903-1914) 
Infrequent, open dry 
woods or prairie 
openings 
Occasional, growing in 
dense patches 
This is a mixed herbarium 
specimen, see 
Ranunculus longirostris 
Godr., Pammel (1898) 
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CHENOPODIACEAE (Goosefoot Family) 
Chenopodium album L. X X 
Lamb's-quarters 
Chenopodium standleyanum X 
Aellen 
Standley's Goosefoot 
Salsola kali L. X X 
Russian-thistle 
CISTACEAE (Rockrose Family) 
Helianthemum bicknellii 
Fern. 
Bicknell's Frostweed 
Lechea stricta Leggett 
Upright Pinweed 
Lechea villosa Ell. 
Pinweed 
X 
CONVOLVULACEAE (Morning-glory Family) 
Convolvulus sepium L. X 
Wild Morning-glory 
X 
X 
Ipomoea hederacea (L.) 
Jacq. 
X X 
Morning-glory 
HABITAT NOT E S 
1,2,3,7 Frequent 
1,2 Occasional 
Pammel (1898) 
Pammel and Macklin (1912) 
Pammel et ale (1903) 
Pammel and Miller (1912) 
CORNACEAE (Dogwood Family) 
Cornus alternifolia L.f. X 
Pagoda Dogwood 
X X 3 Infrequent 
Cornus amomum Mill. X 
Red Willow 
Cornus drummondii 
C.A. Meyer 
Hairy Dogwood 
x 
Cornus mas L. x 
Cornelian Cherry 
Cornus racemosa Lam. x 
Gray Dogwood 
Cornus rugosa Lam. 
Round-leaved Dogwood 
Cornus stolonifera Michx. X 
Red Dogwood 
CUCURBITACEAE (Gourd Family) 
Echinocystis lobata 
(Michx.) T. & G. 
Wild Cucumber 
Sicyos angulatus L. 
Bar Cucumber 
X 
ELAEAGNACEAE (Oleaster Family) 
Elaeagnus umbellata X 
Thunb. 
EUPHORBIACEAE (Spurge Family) 
Acalypha rhomboidea Raf. X 
Three-seeded Mercury 
Acalypha virginica L. 
Three-Seeded Mercury 
Euphorbia corollata L. X 
Flowering Spurge 
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HABITAT 
x X 3,4,6 
7 
X 3,4,6 
x X 
3,4,6 
X 
X X 6 
7 
X 1,5 
X 
X X 1,5 
NOT E S 
Frequent 
Planted by old foundation 
Infrequent 
Pammel et al. (1903) 
Maxon (1937) 
Infrequent 
Anderson (1942) 
Infrequent 
Rare, planted across road 
from restored prairie 
Infrequent 
Infrequent 
Euphorbia heterophylla L. X 
Fire-on-the-mountain 
Euphorbia maculata L. 
Eyebane, Wartweed 
Euphorbia preslii Guss. 
Spurge 
Euphorbia serpyllifolia 
Pers. 
Spurge 
Euphorbia supina Raf. 
Milk-purs lane 
FABACEAE (Bean Family) 
Amorpha canescens Pursh 
Leadplant 
Amphicarpaea bracteata 
(1.) Fern. 
Hog-peanut 
X 
X 
X 
X 
Astragalus canadensis L. X 
Milk-vetch 
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X 
X 
X 
X 
Astragalus crassicarpus X 
Nutt. 
Ground Plum 
Baptisia leucophaea Nutt. X 
Cream Wild Indigo 
Cercis canadensis L. X 
Redbud 
X 
HABITAT NOT E S 
6 Infrequent 
7 
1,7 
5 
1,2,3 
5 
7 
Occasional 
Infrequent 
Pammel and Macklin (1912) 
Infrequent, dry ridges 
Common 
Infrequent, dry ridges 
Occasional, Lost Lake and 
along canyon road 
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Crotalaria sagittalis L. X Buchanan (1902) 
Rattlebox 
Desmodium canadense (L. ) X X X 3,4 Occasional 
DC. 
Showy Tick Trefoil 
Desmodium canescens (L. ) X 1 Infrequent 
DC. 
Hoary Tick Trefoil 
Desmodium dillenii Darl. X 
Tick Trefoil 
Desmodium glutinosum X X X 1,2,3 Common 
(Huhl.) Wood 
Pointed Tick Trefoil 
Desmodium paniculatum X Several Collections 
(L.) DC. (1912-1946) 
Tick Trefoil 
Gleditsia triacanthos L. X X 7 Frequent 
Honey Locust 
Gymnocladus dioicus (L. ) X X X 7 Infrequent 
K. Koch 
Kentucky Coffee-tree 
Lathyrus ochroleucus X X X 4 Infrequent 
Hook. 
Pale Vetchling 
Lespedeza capitata Hichx. X X X 5 Infrequent, dry ridges 
Bush Clover 
Medicago sativa L. 
Alfalfa 
Melilotus alba Desr. 
White Sweet Clover 
Melilotus officinalis 
(L.) Lam. 
Yellow Sweet Clover 
Petalostemum candidum 
(Willd.) Michx. 
White Prairie Clover 
Petalostemum purpureum 
(Vent.) Rydb. 
Purple Prairie-clover 
Robinia pseudoacacia L. 
Black Locust 
Strophostyles helvola 
(L.) Ell. 
Wild Bean 
Trifolium pratense L. 
Red Clover 
Trifolium procumbens L. 
Hop Clover 
Vicia americana Muhl. 
Vetch 
Vicia caroliniana Walt. 
Vetch 
x 
o 
x 
x 
x 
x 
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x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
X 7 
7 
x 
X 7 
7 
7 
X 1 
NOT E S 
Common, roadsides 
Frequent, roadsides 
Pammel et al. (1903) 
Isely (1945, 1946) 
Infrequent 
Common 
Common 
Infrequent, dry prairie 
openings 
FAGACEAE (Beech Family) 
Quercus alba L. X 
White Oak 
Quercus rubra L. X (=q. borealis Mich. f.) 
Red Oak 
Quercus macrocarpa Michx. X 
Bur Oak 
Quercus muehlenbergii X 
Engelm. (=q. prinoides var. 
acuminata (Michx.) Gl.) 
Yellow Oak, Chinkapin 
Oak 
FUMARIACEAE (Fumitory Family) 
Dicentra canadensis 0 
(Goldie) Walp. 
Squirrel-corn 
Dicentra cucullaria (L.) X 
Bernh. 
Dutchman's Breeches 
GENTIANACEAE (Gentian Family) 
Gentiana flavida Gray. X 
Yellowish Gentian 
Gentiana flavida Gray. X 
X G. clausa Raf. 
Gentiana quinquefolia L. X 
Stiff Gentian 
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HABITAT 
X X 1,2,3 
X X 2,3,4 
X X 2 
X X 2,3 
X 2 
X X 2,3,4 
X 5 
5 
4 
NOT E S 
Common 
Common 
Occasional 
Frequent, Note: Recog-
nized by Gleason & Cron-
quist (1963) as q. 
prinoides var acuminata. 
Recognized by Fernald 
(1950) as q. 
muehlenbergia. 
Infrequent, Hayden (1937) 
Anderson (1957) 
Frequent 
Infrequent 
Infrequent 
Rare 
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HABITAT 
GERANIACEAE (Geranium Family) 
Geranium maculatum L. X X X 1,2 
Wild Cranesbill 
HIPPOCASTANACEAE (Horse Chestnut Family) 
Aesculus glabra Willd. X 
Ohio Buckeye 
HYDROPHYLLACEAE (Waterleaf Family) 
Ellisia nyctelea L. X 
Waterpod 
Hydrophyllum X 
appendiculatum 
Michx. 
Waterleaf 
Hydrophyllum virginianum X 
L. 
John's cabbage 
X 
X 
HYPERICACEAE (St. John's-wort Family) 
X 
X 4,6 
X 3,4,6 
Hypericum punctatum Lam. X 
Spotted St. John's-wort 
JUGLANDACEAE (Walnut Family) 
Carya cordiformis (Wang.) X 
K. Koch 
Bitternut Hickory 
Carya ovata (Mill.) 
K. Koch 
Shagbark Hickory 
X 
X X 4,6 
X 1,2 
NOT E S 
Occasional, edge of 
oak woods 
Pammel (1904), this was 
probably collected 
north of the park. 
Hayden (1937) 
Lammers (1976) 
Occasional 
Common 
Dick-Peddie (1953) 
Frequent 
Common 
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Juglans cinerea L. x x 
Butternut 
Juglans nigra L. x x 
Black Walnut 
LAMIACEAE (Mint Family) 
Agastache nepetoides (L.) X 
Kuntze. 
Giant Hyssop 
Blephilia hirsuta (Pursh) X 
Benth. 
Hood Mint 
Glecoma hederacea L. 
Ground-ivy 
Hedeoma hispida Pursh 
Mock Pennyroyal 
Hedeoma pulegioides (L.) 
Pers. 
~merican Pennyroyal 
Lycovus americanus Muh!. 
Common Water Horehound 
l1enlha ~:e..icata L. 
:1.Ll1 t 
1ct Bergamot 
X 
X 
X 
X 
X 
X 
X 
HABITAT 
X 3,4 
6 
6 
X 6 
x 
X 
x 
X 6 
NOT E S 
Occasional, most trees in 
park have several large 
dead branches or are 
mostly dead. 
Common 
Infrequent 
Frequent 
Pammel (1899, 1900) 
Pammel and Niller (1912) 
Isely (1946) 
Occasional 
Nepeta cataria L. 
Catnip 
Physostegia parviflora 
Nutt. 
False Dragonhead 
Prunella vulgaris L. 
Heal-all 
Pycnanthemum virg1n1anum 
(L.) Durand and Jackson 
Mountain Mint 
Stachys hispida Pursh. 
Hedge-nettle 
Stachys palustris L. 
Woundwort 
x 
Stachya tenuifolia Willd. X 
Hedge-nettle 
Teucrium canadense L. 
American Germander 
MALVACEAE (Mallow Family) 
Abutilon theophrasti 
Medic. 
Velvet-leaf 
X 
X 
MENISPERMACEAE (Moonseed Family) 
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x 
x 
x 
x 
Menispermum canadense L. X X 
Moonseed 
HABITAT NOT E S 
X Pammel and Ball (1898) 
X 3,6 Infrequent 
X 
X Pammel et al. (1903) 
X 6 Occasional 
X 3,6 Frequent 
X 7 Infrequent, open soil 
4,6 Occasional 
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MONOTROPACEAE (Indian-pipe Family) 
Monotropa uniflora L. X X X 2,3 
Indian Pipe 
MORACEAE (Mulberry Family) 
Morus alba L. X 
White Mulberry 
Morus rubra L. 
Red Mulberry 
OLEACEAE (Olive Family) 
Fraxinus americana L. 
White Ash 
Fraxinus nigra Marsh. 
Black Ash 
Fraxinus pennsylvanica 
Marsh. 
Green Ash 
o 
X 
X 
o 
2,3,6 
X X 6 
X X 1,2,3 
X X 4 
X X 4,6 
ONAGRACEAE (Evening-Primrose Family) 
Circaea quadrisulcata X X 4,6 
(Maxim.) Franch. & Sav. 
Enchanter's Nightshade 
Oeothera biennis L. X 
Evening Primrose 
OROBANCHACEAE (Broom-rape Family) 
Orobanche uniflora L. 
Cancer-root 
OXALIDACEAE (Wood-sorrel Family) 
X 
Oxalis corniculata L. X 
Wood-sorrel 
5 
X 
NOT E S 
Infrequent 
Frequent, disturbed sites 
throughout woods 
Infrequent 
Common 
Occasional, mostly in 
Pease Creek Canyon Area 
Occasional, Ellis (1914) 
Infrequent 
Rare 
Anderson (1957) 
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Oxalis stricta L. X X 7 Frequent 
Yellow Wood-sorrel 
Oxalis violaceae L. X 
Violet Wood-sorrel 
PAPAVERACEAE (Poppy Family) 
Sanguinaria canadensis L. X X 3,4 Common 
Bloodroot 
PHRYMACEAE (Lopseed Family) 
Phryma leEtostachya L. X X X 2,3,4 Common 
Lopseed 
PLANTAGINACEAE (Plaintain Family) 
Plantago major L. X X 7 Frequent, roadsides 
Common Plantain 
PLATANACEAE (Plane-tree Family) 
Platanus occidentalis L. X 7 In Platanus plantation 
Sycamore and planted throughout 
Pease Creek Canyon 
POLEMONI ACEAE (Polemonium Family) 
Phlox divaricata L. X X X 1,2,3 Common 
--Blue Phlox 
Phlox Eilosa L. X X X 1 Infrequent 
Prairie Phlox 
POLYGALACEAE (Milkwort Family) 
Polygala sanquinea L. X X Several collections 
Field Milkwort (1902-1920) 
Polygala senega L X X X 5 Infrequent 
Seneca-snakeroot 
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Polygala verticillata L. x 
Whorled Milkwort 
POLYGONACEAE (Buckwheat Family) 
Fagopyrum esculentum X 
Moench. 
Buckwheat 
Polygonum aviculare L. X 
Knotweed 
Polygonum coccineum Muhl. 
Water Smartweed 
Polygonum convolvulus L. 
Black Bindweed 
Po1ygonum erectum L. 
Knotweed 
Polygonum pensylvanicum 
Pinkweed L. 
Polygonum persicaria L. X 
Lady's-thumb 
Polygonum punctatum Ell. X 
Knotweed 
Polygonum scandens L. 
Climbing False 
Buckwheat 
X 
Polygonum virginianum L. X 
Jumpseed 
X 
X 
x 
X 
X 
X 
6 
7 
X 1,6 
X 6 
NOT E S 
Pammel et al. (1903) 
Blickenstaff (1947) 
Anderson (1942) 
Pammel and Macklin (1912) 
Infrequent 
Frequent, wet shaded 
woods, roadsides 
Infrequent, shaded woods 
near seeps 
Occasional, wet shaded 
woods 
Rumex acetosella L. 
---Sheep-sorrel 
Rumex altissimus Wood 
Pale Dock 
Rumex crispus L. 
Curly Dock 
PORTULACACEAE (Purslane Family) 
Claytonia virginica L. X 
Spring Beauty 
PRlMULACEAE (Primrose Family) 
Androsace occidentalis 
Pursh. 
Western Rock Jasmine 
Dodecatheon meadii L. X 
Prairie Shooting-star 
Lysimachia ciliata L. X 
Fringed Loosestrife 
PYROLACEAE (Wintergreen Family) 
Pyrola elliptica Nutt. 
Shinleaf 
RANUNCULACEAE (Crowfoot Family) 
Actea rubra (Ait.) Willd. X 
Red Baneberry 
Anemone canadensis L. X 
Meadow Anemone 
Anemone quinquefolia L. X 
Wood Anemone 
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x 
x 
X 
X 
X 
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HABITAT 
X 1,2 
X 
7 
X 
X 4 
X 5 
X 2,3 
NOT E S 
Pammel (1898) 
Common 
Pammel and Henning (1913) 
Rare, probably planted 
along Lost Lake Trail 
Pammel et al. (1903) 
Henning (1924) 
Maxon (1936) 
Occasional 
Occasional, damp sites 
Occasional 
Anemone virg1n1ana L. x 
Thimbleweed 
Anemonella thalictroides 0 
(L.) Spach 
Rue-anemone 
Aquilegia canadensis L. 
Wild Columbine 
Clematis virginiana L. 
Virgin's-bower 
Hepatica acutiloba DC. 
Liverleaf 
Isopyrum biternatum 
(Raf.) T. & G. 
False Rue-anemone 
Ranunculus abortivus L. 
Kidneyleaf Buttercup 
Ranunculus aquatilis L. 
White Water-crowfoot 
Ranunculus longirostris 
Godr. 
White Water-crowfoot 
Ranunculus rhomboideus 
Goldie 
Prairie Buttercup 
x 
x 
x 
x 
x 
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HABITAT 
x X 2,3 
3,4 
x 4,6 
x X 1,2 
x X 2,3 
x 2,3 
x X 6 
x 
x 
x 
NOT E S 
Infrequent 
Infrequent 
Occasional, wet disturbed 
sites 
Infrequent 
Common 
Common 
Common 
Pammel (1898) 
Ranunculus 
septentrionalis 
Poir. 
Swamp Buttercup 
x 
Thalictrum dasycarpum X 
Fisch. & Ave-Lall. 
Purple Meadow-rue 
Thalictrum dioicum L. X 
Early Meadow-rue 
RHAMNACEAE (Buckthorn Family) 
Ceanothus americanus L. 
New Jersey Tea 
Rhamnus lanceolatus 
Pursh. 
ROSACEAE (Rose Family) 
Agrimonia pubescens 
Wallr. 
Downy Agrimony 
Agrimonia striata Michx. 
Agrimony 
X 
X 
Amelanchier arborea X 
(Michx. f.) Fern. 
Service-berry 
Crataegus calpodendron 
(Ehrh. ) Medic. 
Urn-tree Hawthorn 
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HABITAT 
x X 4,6 
X 5 
X X 3,4 
X X 
X X 5,7 
1,2 
X 
X X 1,2 
X 
NOT E S 
Occasional, wet sites 
Occasional, wet sites 
Common 
Buchanan (1902), Ellis 
(1914) 
Infrequent 
Occasional 
Common, dry ridges 
Crataegus mollis 
(T. & G.) Scheele 
Red Hawthorn 
Crataegus pruinosa 
(Wendl.) K. Koch 
Hawthorn 
Crataegus punctata Jacq. X 
Dotted Hawthorn 
Fragaria vesca 1. 
Woodland strawberry 
Fragaria virginiana Dcne. X 
Wild Strawberry 
Geum canadense Jacq. 
White Avens 
Physocarpus opulifolius 
(1.) Maxim. 
Ninebark 
X 
o 
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x 
X 
X 
X 
Potentilla arguta Pursh X 
Tall Cinquefoil 
Potentilla canadensis 1. X 
Cinquefoil 
Potentilla norvegica 1. X 
Rough Cinquefoil 
Potentilla simplex Michx. 
Old-field Cinquefoil 
HABITAT 
X 
X 
5,7 
X 
X 1 
X 4,6 
X 4,6 
X 
X 
NOT E S 
Pammel (1923) 
Hayden (1940) 
Several collections 
(1936-1944) 
Occasional, old fields, 
edge of prairie 
Several collections 
(1898-1927) 
Occasional 
Occasional 
Rare, Pammel (1902), 
Pammel et al. (1927) 
Pammel and Macklin (1912) 
Pammel (1902) 
Pammel et al. (1927) 
Prunus americana Marsh. 
Wild Plum 
Prunus pensylvanica L.f. 
Pin-cherry 
Prunus serotina Ehrh. 
Black Cherry 
Prunus virginiana L. 
Choke Cherry 
Pyrus ioensis (Wood) 
Bailey 
Wild Crabapple 
Pyrus communis L. 
Pear 
Rosa blanda Ait. 
Smooth Wild Rose 
Rosa carolina L. 
Sunshine Wild Rose 
Rosa multiflora Thunb. 
Rose 
Rosa X radiuscala Greene 
--cR. arkansana X R. 
carolina) 
Rosa suffu1ta Greene 
Rose 
X 
X 
X 
X 
X 
X 
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HABITAT 
X 1 
X 
X 1,2 
X 1,2 
X 
7 
X 1,5 
X 
7 
X 
NOT E S 
Occasional, along margin 
of woods 
Pammel et al. (1903) 
Occasional 
Frequent 
Several collections 
(1897-1912) 
Infrequent, disturbed-
grazed areas of Pease 
Creek near north park 
boundary 
Occasional 
Several collections 
by Hayden (1933-1934) 
Frequent, old fields, 
grazed woods 
Pamme1 (19l3) 
Rubus allegheniensis 
Porter 
Common Blackberry 
Rubus flagellaris L. 
Northern Dewberry 
Rubus idaeus L. 
Cultivated Red 
Raspberry 
Rubus occidentalis L. 
Black Raspberry 
Rubus pensilvanicus Poir. 
Raspberry 
RUBIACEAE (Madder Family) 
x 
o 
Galium aparine L. X 
Spring-cleavers 
Galium boreale L. 0 
Northern Bedstraw 
Galium circaezans Michx. X 
Wild Licorice 
Galium concinnum T. & G. 
Shining Bedstraw 
Galium trifidum L. o 
Small Bedstraw 
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HABITAT 
1 
x 
x X 
x X 1,7 
X 
X X 6 
X X 4 
X X 1,2,3 
X 
X 
NOT E S 
Occasional 
Pammel (1898) 
Occasional, Pammel 
(1921), Weber (1938) 
Pammel et al. (1927) 
Cratty (1927) Note: R. 
pensilvanicus is appar~ 
ently synonymus with R. 
heterophyllus where it 
can be found in the ISU 
Herbarium. 
Frequent 
Occasional, several 
collections (1898-1945) 
Frequent 
Several Collections 
(1903-1913) 
Infrequent 
RUTACEAE (Rue Family) 
Zanthoxylum americanum 
Mill. 
Northern Prickly-ash 
x 
SALICACEAE (Willow Family) 
Populus deltoides Marsh. X 
Cottonwood 
Populus grandidentata 0 
Michx. 
Big-toothed Aspen 
Populus tremuloides 0 
Michx. 
Quaking Aspen 
Salix amygdaloides 
Anderss. 
Peach-leaved Willow 
Salix babylonica L. 
Weeping Willow 
Salix cordata Michx. 
Heart-leaved Willow 
Salix discolor Muhl. 
Large Pussy-willow 
Salix humilus Marsh. 
Prairie Willow 
Salix interior Rowlee 
Sandbar Willow 
o 
X 
X 
X 
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x X 1,2,3 
X X 6 
X X 1 
X X 1 
X X 
X 
X X 6 
X 
X X 6 
NOT E S 
Occasional 
Frequent 
Infrequent 
Occasional 
Several collections 
(1901-1914 ) 
Planted near park 
entrance 
Rare, Buchanan (1902) 
Hayden (1937) 
Infrequent 
Common 
Salix nigra L. o 
Black Willow 
SANTALACEAE (Sandalwood Family) 
Commandra umbellata (L.) 0 
Nutt. 
Bastard Toadflax 
SAXIFRAGACEAE (Saxifrage Family) 
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x 
x 
Heuchera villosa Michx. X 
Alum-root 
Mitella diphylla L. X X 
Bishop's-cap 
Philadelphus verrucosus X 
Schrad. 
Mock Orange 
Ribes americanum Mill. X 
Wild Black Currant 
Ribes cynosbati L. X X 
Prickly Gooseberry 
Ribes missouriense Nutt. X X 
Missouri Gooseberry 
SCROPHULARIACEAE (Figwort Family) 
Chelone glabra L. X 
Turtlehead 
Dasistoma macrophylla 
(Nutt.) Raf. 
Mullein Foxglove 
HABITAT 
X 6 
X 1,5 
X 4 
7 
X 3,4,6 
X 1,2,3 
X 
NOT E S 
Occasional 
Pammel (1912-1913) 
Infrequent, Several 
collections (1897-1939) 
Frequent 
Planted by old foundation 
Occasional 
Common 
Pammel (1925) 
Gerardia tenuifolia Vahl. X 
Slender False Foxglove 
Lindernia dubia 
(L.) Pennel 
False Pimpernel 
Mimulus ringens L. X 
Alleghany Monkey Flower 
Pedicularis canadensis L. X 
Common Lousewort 
Penstemon grandiflorus 
Nutt. 
Beard-tongue 
Schrophularia lanceolata X 
Pursh 
Early Figwort 
Verbascum thapsus L. o 
Common Mullein 
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X 
X 
X 
X 
Veronica peregrina L. X 
Purslane Speedwell 
Veronicastrum virginicum X 
(L.) Farw. 
Culverts-root 
SIMARUBACEAE 
Ailanthus altissima X 
(Mill.) Swingle 
Tree-of-heaven 
HABITAT NOT E S 
1 Infrequent 
X 
X 6 
X 4 
X 
6 
X 7 
X 
1,5 
7 
Goodman (1939) 
Lammers (1977) 
Infrequent, Pease Creek 
Occasional 
Maxon (1937) 
Infrequent 
Occasional, Pammel (1902) 
Lammers (1976) 
Occasional 
Planted by old foundation 
SOLANACEAE (Nightshade Family) 
Datura stramonium L. 
Jimsonweed 
250 
x 
Lycium halimifolium Mill. X 
Matrimony-vine 
Physalis heterophylla 
Nees 
Ground-cherry 
Physalis longifolia Nutt. X 
Ground-cherry 
Physalis pruinosa L. X 
Strawberry-tomato 
Physalis virginiana Mill. 
Ground-cherry 
Solanum carolinense L. X 
Horse-nettle 
Solanum dulcamara L. o 
Bittersweet 
Solanum nigrum L. X 
Black Nightshade 
STAPHYLACEAE (Bladdernut Family) 
Staphylea trifolia L. X X 
Bladdernut 
THYMELAEACEAE (Mezereum Family) 
Dirca palustris L. X X 
Leatherwood 
HABITAT 
X 
X 
X 
X 
X 1,2,3 
X 4 
NOT E S 
Buchanan (1902) 
Pammel (1913) 
Buchanan (1902) 
Ellis (1914) 
Infrequent, Davis Creek 
Pammel and Ball (1898) 
Occasional 
Rare, Reindeer Ridge Area 
and Walking Fern Hollow 
TILIACEAE (Linden Family) 
Tilia americana L 
UlMACEAE (Elm Family) 
Celtis occidentalis L. 
Hackberry 
x 
x 
Ulmus americana L. X 
American Elm 
Ulmus rubra Muhl. X 
Slippery Elm 
Ulmus thomasii sarg. 0 
Cork Elm 
URTICACEAE (Nettle Family) 
Laportea canadensis (L.) X 
Wedd. 
Wood Nettle 
Pilea pumila (L) Gray 
Clearweed 
Urtica dioica L. 
Stinging Nettle 
X 
VERBENACEAE (Vervain Family) 
Phyla lanceolata (Michx.) X 
(=Lippia lanceolata) 
Greene 
Fog-fruit 
Verbena bracteata Lag. & 
Bracted Vervain Rodr. 
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x X 4 
x 6 
X X 3,6 
X X 3,4,6 
X X 2 
X X 6 
X 
X 6 
X X 6 
X X 
NOT E S 
Common 
Occasional 
Occasional, many dead due 
to Dutch Elm Disease 
Frequent 
Rare 
Common 
Common 
Occasional 
Pammel et al. (1903) 
Pammel and Macklin (1912) 
Verbena hastata L. 
Blue Vervain 
Verbena stricta Vent. 
Hoary Vervain 
Verbena urticifolia L. 
White Vervain 
VIOLACEAE (Violet Family) 
Hybanthus concolor 
(T. F. Forst.) spreng. 
Green Violet 
Viola cucullata Ait. 
Blue Marsh-violet 
Viola eriocarpa Schw. 
Smooth Yellow Violet 
Viola missouriensis 
Greene 
Missouri Violet 
x 
X 
X 
Viola papilionacea Pursh. X 
Meadow-violet 
Viola pubescens Ait. 
Downy Yellow Violet 
Viola sororia Willd. 
Downy Blue Violet 
~ missouriensis 
Greene 
X V. sororia Willd. 
X 
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x X 5 
x X 
X X 5 
X 
X 
X 5,6 
X 
X 5,6 
X 
X 5,6 
X 
NOT E S 
Frequent 
Ellis (1914) 
Frequent 
Laffoon and Hoffman 
(1948), Browning 
(1951) 
Occasional 
Kuntz (1947), Wisman 
(1947), Lammers (1976) 
Frequent, lawns 
Frequent, lawns 
Lammers (1976) 
VITACEAE (Grape Family) 
Parthenocissus 
quinquefolia 
(L.) Planch. 
Virginia Creeper 
Parthenocissus vitacea 
(Knerr) Hitchc. 
Woodbine 
Vitis riparia Michx. 
River-bank Grape 
Vitis vulpina L. 
Forest Grape 
x 
o 
x 
253 
HABITAT NOT E S 
x 1,2,3 Common 
1,2 Infrequent 
X 6 Frequent 
x 
254 
APPENDIX B: COMPILED DATA - WOODY SPECIES 
No. = Number of trees or shrubs 
ReI. Dens. = Relative density 
Rel. Basal = Relative basal area 
m = Meters of cover 
Rel. % = Relative percent cover 
1, 2, 3 (Sapling Counts) = Number of saplings in each 
10 x 10 m subplot 
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Plot 1 
Species - Trees 
Acer negundo 
Amelanchier arborea 
Carya cordiformis 
Carya ovata 
Fraxinus americana 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
TOTAL 
Species - Shrubs 
Prunus virginiana 
Ribes missouriensis 
Rubus sp. 
Zanthoxylum americanum 
TOTAL 
No. 
4 
1 
26 
47 
11 
89 
No. 
ReI. 
Dens. 
.04 
.01 
.29 
.53 
.12 
ReI. 
Dens. 
Basal 
Area 
518 
314 
996 
27381 
7281 
32891 
Bal\al 
Area 
ReI. 
Basal 
.02 
.01 
.03 
.72 
.22 
ReI. 
Basal 
256 
Plot 1 
Line Intercept Cover 
Canopy Under Shrub Sapling Counts 
m ReI. % m ReI. % m --reI. % 1 2 3 Ave. 
2 .6 
.2 1 1 7 2.6 
.1 .57 2 .6 
1.5 3 
1.7 10 47 100 81 76 
15.5 89 40 34 85 53 
.2 2 1.3 
49.5 86 
6.7 12 
57.7 17 .5 .3 
Line Intercept Cover 
Canop~ Under Shrub Sapling Counts 
m ReI. % m ReI. % m --reI. % 1 2 3 Ave. 
3 1 
.1 33 3 1 1.3 
.2 66 2 .6 
1 .33 
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Plot 2 
SEecies - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Fraxinus americana 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
SEecies - Shrubs 
Cornus stolonifera 
Euonymus atropurpureus 
Lonicera sp. 
Ribes missouriensis 
Smilax hispida 
Viburnum rafinesquianum 
TOTAL 
No. 
7 
9 
3 
64 
6 
43 
11 
143 
No. 
ReI. 
Dens. 
.05 
.06 
.02 
.45 
.04 
.31 
.08 
ReI. 
Dens. 
Basal 
Area 
66i 
105 
293 
1242 
2099 
29242 
1009 
34651 
Basal 
Area 
ReI. 
Basal 
.02 
.003 
.01 
.04 
.06 
.84 
.03 
ReI. 
Basal 
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Plot 2 
Line Intercept Cover 
Canopy Under Shrub Sapling Counts 
m ReI. % m ~l. % m ~1. % 1 2 3 Ave. 
6 10 
10.3 18 13 6 9 9.3 
4 1 1.6 
1 1 .66 
.8 1 73 42 72 62.3 
40.2 70 39 19 13 23.6 
5.2 7 3 1 1.33 
67.9 93 
2 0 3 
2 .66 
73.1 57.3 
Line Intercept Cover 
Canop~ Under Shrub Sapling Counts 
m ReI. % m Rei. % m ~l. % 1 2 3 Ave. 
3 1 1.3 
5 1.67 
3 1.0 
1 2 4 2.3 
1 3 1.3 
7 2.3 
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Plot 3 
Species - Trees 
Acer negundo 
Acer nigrwn 
Amelanchier arborea 
Carya cordiformis 
Carya ovata 
Cornus alternifolia 
Fraxinus americana 
Fraxinus nigra 
Ostrya virginiana 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Ribes missouriensis 
Smilax hispida 
TOTAL 
No. 
3 
2 
2 
2 
3 
4 
33 
7 
26 
4 
86 
No. 
ReI. 
Dens. 
.03 
.02 
.02 
.02 
.03 
.05 
.38 
.08 
.30 
.05 
ReI. 
Dens. 
Basal 
Area 
635 
30 
394 
653 
836 
1624 
1387 
8107 
16372 
2395 
32433 
Basal 
Area 
ReI. 
Basal 
.02 
.001 
.01 
.02 
.03 
.05 
.04 
.25 
.50 
.07 
ReI. 
Basal 
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Plot 3 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1. % m ~1. % 1 2 3 Ave. 
1 .33 
23.6 38 1.5 5 
4.6 14 19 56 25 
.1 .3 8 7 6 16 
1 .33 
.5 1 3.6 11 157 78 102 112.3 
23.5 71 30 9 9 16 
25.8 42 
11.8 19 5 1.6 
61.7 33.3 1.0 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ~1. % m ~1. % 1 2 3 Ave. 
1.0 100 1 .33 
1 .33 
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Plot 4 
Species - Trees 
Ame1anchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Fraxinus americana 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus sto1onifera 
Prunus virginiana 
Ribes missouriensis 
Smilax hispida 
Zanthoxylum americanum 
TOTAL 
No. 
7 
10 
1 
3 
1 
62 
19 
27 
130 
No. 
ReI. 
Dens. 
.05 
.08 
.01 
.02 
.01 
.48 
.15 
.21 
ReI. 
Dens. 
Basal 
Area 
129 
113 
214 
219 
397 
1174 
5633 
19186 
27065 
Basal 
Area 
ReI. 
Basal 
.01 
.004 
.01 
.01 
.02 
.04 
.21 
.71 
Rel. 
Basal 
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Plot 4 
Line Intercept Cover 
Canopy Under Shrub Sapling Counts 
m ReI. % m ReI. % m ~1. % 1 2 3 Ave. 
1.4 2 5 26 8 13 
10.3 17 4 3 7 4.67 
10 2 4 
5.1 8 
4.5 7 48 46 61 51.66 
37.8 61 32 14 22 22.66 
.6 55 
16.5 20 2.2 4 6 2 
65.0 80 
.3 .5 5 2 2 3 
10 4 3 5.67 
81.5 61.6 1.1 
Line Intercept Cover 
Canopx Under Shrub Sapling Counts 
m ReI. % m -reI. % m ReI. % 1 2 3 Ave. 
13 4.3 
10 1 3 4.67 
.2 18 3 5 2 3.33 
1 1 .66 
.3 27 1 .33 
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Plot 5 
Species - Trees 
Acer negundo 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Fraxinus sp. 
Ostrya virginiana 
Prunus serotina 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus sto1onifera 
Dirca palustris 
Ribes missouriensis 
TOTAL 
No. 
6 
45 
38 
17 
16 
122 
No. 
ReI. 
Dens. 
.05 
.37 
.31 
.14 
.13 
ReI. 
Dens. 
Basal 
Area 
3040 
974 
1257 
24513 
10053 
39837 
Basal 
Area 
ReI. 
Basal 
.08 
.02 
.03 
.62 
.25 
ReI. 
Basal 
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Plot 5 
Line Intercept Cover 
Canopy Under Shrub Sapling Counts 
m ReI. % m ReI. % m ~1. % 1 2 3 Ave. 
1 .33 
4.3 9 1 1 1 1 
2 .67 
12.7 26 8.9 54 180 83 77 113.3 
1 10 1 4 
4.8 29 23 40 37 33.3 
31.1 65 .9 5 2 35 7 14.67 
6 2 
47.6 73 
18 27 
7 3 3.33 
65.6 48.1 16.5 
Line Intercept Cover 
Canop~ Under Shrub Sapling Counts 
m ReI. % m ReI. % m ~1. % 1 2 3 Ave. 
4 1 1.67 
1.9 12 6 14 6.67 
9 7 5.3 
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Plot 6 
Species - Trees 
Acer negundo 
Carya cordiformis 
Celtis occidentalis 
Fraxinus pennsylvanica 
Juglans nigra 
Ostrya virginiana 
Ulmus americana 
TOTAL 
Species - Shrubs 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
TOTAL 
No. 
1 
9 
44 
79 
5 
6 
1 
145 
No. 
ReI. 
Dens. 
.01 
.06 
.30 
.54 
.03 
.04 
.01 
ReI. 
Dens. 
Basal 
Area 
36 
147 
2110 
2031 
6634 
598 
615 
12171 
Basal 
Area 
ReI. 
Basal 
.003 
.01 
.17 
.17 
.55 
.05 
.05 
ReI. 
Basal 
Plot 6 
m 
Line 
Canopy 
ReI. % 
9.5 30 
5.8 18 
9.8 .31 
6.5 .21 
31.6 
Line 
CanoE~ 
m ReI. % 
Intercept Cover 
Under 
m~1. % 
4.6 1 
21.8 .46 
20.8 .44 
266 
Shrub 
m~I. % 
.1 1 
4.0 23 
.1 1 
47.2 17.7 
InterceEt Cover 
Under Shrub 
m ~l.% m ~l. % 
13.5 76 
13.5 
SaEling Counts 
1 2 3 Ave. 
1 .33 
2 8 7 5.67 
27 70 22 39.67 
25 16 17 19.3 
SaEling Counts 
1 2 3 Ave. 
17 36 17.67 
196 103 no 136.3 
2 .66 
267 
Plot 7 
SEecies - Trees 
Amelanchier arborea 
Carya cordiformis 
Carya ovata 
Fraxinus americana 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus thomasii 
TOTAL 
SEecies - Shrubs 
Ribes missouriensis 
Rubus sp. 
TOTAL 
No. 
5 
4 
12 
58 
1 
3 
83 
No. 
Rel. 
Dens. 
.06 
.05 
.14 
.70 
.01 
.04 
Rel. 
Dens. 
Basal 
Area 
1981 
1720 
329 
21767 
572 
225 
26595 
Basal 
Area 
Rel. 
Basal 
.07 
.06 
.01 
.82 
.02 
.01 
Rel. 
Basal 
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Plot 7 
Line Interce12t Cover 
Canopy Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
.1 1 .2 5 1 5 2 
6 1 2.3 
11.6 15 1 .33 
10 13 5 26 .8 21 1 42 22 -4"1 --6 -:. \' (-..... . '-
14.4 74 1.2 32 158 190 115 154.3 
1 2 1 
51.5 66 
4.4 6 
1 2 2 »~ \,G'! 
77 .5 19.5 3.8 
Line Interce12t Cover 
CanoEX Under Shrub SaEling Counts 
m ReI. % m ReI. % m ~1. % 1 2 3 Ave. 
1.2 32 33 16 15 21.3 
.4 11 31 34 9 24.6 
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Plot 8 
Species - Trees 
Acer negundo 
Acer nigrum 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus americana 
Juglans nigra 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
TOTAL 
Species - Shrubs 
Euonymous atropurpurea 
Ribes missouriensis 
Rosa sp. 
Rubus sp. 
Smilax hispida 
TOTAL 
No. 
3 
15 
1 
11 
2 
52 
5 
8 
97 
No. 
Rel. 
Dens. 
.03 
.15 
.01 
.11 
.02 
.53 
.05 
.08 
ReI. 
Dens. 
Basal 
Area 
1268 
5921 
16 
6175 
1782 
3469 
1868 
5752 
26252 
Basal 
Area 
Rel. 
Basal 
.05 
.23 
.001 
.24 
.07 
.13 
.07 
.22 
Rel. 
Basal 
Plot 8 
m 
Line 
Canopy 
ReI. % 
.1 .2 
23.5 46 
11.6 22 
1.6 3 
14.8 29 
51.6 
Line 
Cano:e~ 
m ReI. % 
Intercept Cover 
Under 
m~l. % 
26.0 100 
270 
Shrub 
m ReI. % 
.2 
.9 
7.8 
2 
8 
74 
26.0 10.6 
InterceEt Cover 
Under Shrub 
m ~1.% m ReI. % 
1.6 15 
.1 1 
Sapling Counts 
1 2 3 Ave. 
1 
16 9 2 9 
11 21 23 18.3 
56 114 201 123.6 
SaEling Counts 
1 2 3 Ave. 
7 2.3 
95 75 59 76.3 
1 .33 
25 5 47 
1 2 1 
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Plot 9 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Crataegus sp. 
Fraxinus americana 
Fraxinus sp. 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus macrocarpa 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus sp. 
Euonymous atropurpurea 
Ribes missouriensis 
Ribes sp. 
Rubus sp. 
Smilax hispida 
Zanthoxylum americanum 
TOTAL 
No. 
5 
5 
11 
5 
90 
5 
1 
5 
30 
12 
11 
180 
No. 
ReI. 
Dens. 
.03 
.03 
.06 
.03 
.50 
.03 
.01 
.03 
.17 
.07 
.06 
ReI. 
Dens. 
Basal 
Area 
III 
3159 
474 
156 
2900 
2492 
615 
122 
11609 
1086 
159 
22883 
Basal 
Area 
ReI. 
Basal 
.004 
.14 
.02 
.01 
.13 
.11 
.03 
.01 
.51 
.05 
.01 
ReI. 
Basal_ 
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Plot 9 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1. % m ReI. % 1 2 3 Ave. 
1 2 
.5 1 .4 7 9 1 3.3 
2 2 1.33 
21.8 34 1 L~ 
2 4 10 23 23 18.6 
2 .66 
27 3 10 
.1 .2 .1 2 
34.1 60 3.1 52 50 11 34 31.66 
2 4 2 
6.5 10 
16.1 25 1.3 2 
20.2 31 2.2 4 3 1 
5.1 9 2 5 2.33 
5.6 10 .5 8 30 79 68 59 
64.6 56.8 6.0 
Line InterceEt Cover 
CanoEl Under Shrub' SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
4.7 8 .4 7 31 2 27 20 
.2 .4 .2 3 4 1.33 
25 29 60 38 
1 17 
9 3 
4 1 2 2.33 
.3 5 20 2 2 8 
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Plot 10 
SEecies - Trees 
Acer nigrum 
Ame1anchier arborea 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus americana 
Fraxinus sp. 
Morus sp. 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus sp. 
Euonymous atropurpurea 
Prunus virginiana 
Ribes missouriensis 
Rubus sp. 
Smilax herbacea 
Smilax hispida 
Zanthoxylum americanum 
TOTAL 
No. 
8 
4 
1 
20 
58 
2 
17 
12 
1 
123 
No. 
ReI. 
Dens. 
.07 
.03 
.01 
.16 
.47 
.02 
.14 
.10 
.01 
ReI. 
Dens. 
Basal 
Area 
2275 
1175 
24 
635 
1391 
15 
12625 
5503 
26 
23669 
Basal 
Area 
ReI. 
Basal 
.10 
.05 
.001 
.03 
.06 
.001 
.53 
.23 
.001 
ReI. 
Basal 
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Plot 10 
Line InterceEt Cover 
Canopy Under Shrub SaEling Counts 
m Re1. % m ~1.% m ~1. % 1 2 3 Ave. 
15.7 25 5.6 10 1 
.4 14 8 6 7 7 
4 3 2.33 
5.3 8 1.5 3 1 
6.3 12 10 36 36 27.3 
.4 1 3.2 6 .1 3 48 39 26 37.6 
.2 7 
36.0 66 .5 17 110 13 59 60.66 
38.1 60 
3.5 6 2 .66 
6 2 
1.7 3 .5 17 16 27 90 44.3 
63 54.4 2.9 
Line InterceEt Cover 
CanoEX Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~l. % 1 2 3 Ave. 
2 .66 
9 3 4 
.4 14 4 7 14 8.33 
.1 .2 .8 28 1 75 22 32.66 
2 1 6 3 
1 
5 6 1 4 
1 6 
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Plot 11 
SEecies - Trees 
Acer nigrum 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus americana 
Fraxinus sp. 
Horus sp. 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus americana 
Ulmus rubra 
TOTAL 
SEecies - Shrubs 
Euonymous atropurpurea 
Prunus virginiana 
Prunus sp. 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
Rhus radicans 
TOTAL 
No. 
19 
8 
5 
1 
1 
24 
4 
4 
13 
79 
No. 
ReI. 
Dens. 
.24 
.06 
.01 
.01 
.31 
.05 
.05 
.16 
ReI. 
Dens. 
Basal 
Area 
4095 
3909 
18 
2945 
697 
2048 
7731 
8139 
33278 
Basal 
Area 
ReI. 
Basal 
.12 
.11 
.001 
.09 
.02 
.06 
.23 
.24 
ReI. 
Basal 
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Plot 11 
Line InterceEt Cover 
Canopy Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
33.9 41 6.2 25 14 10 18 14 
17 .0 21 .3 7 21 8 2 10.3 
10.3 13 3.1 13 
.2 4 5 9 2 5.3 
3.1 4 1.2 26 
25 28 26 26.3 
1 .33 
15.3 62 .2 4 11 12 1 8 
4.7 6 
13.0 16 .2 4 5 1.6 
1 .33 
.1 2 
.2 4 2 4 3 3 
82.0 24.6 4.6 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
7 2 3 
10 13 4 .9 
.2 4 
2 43 15 14 9.66 
7 2 3 
5 1 2 
5 1.66 
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Plot 12 
Species - Trees 
Acer negundo 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Fraxinus americana 
Fraxinus sp. 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Euonymous atropurpurea 
Prunus virginiana 
Ribes missouriensis 
Rubus sp. 
TOTAL 
No. 
14 
1 
11 
2 
2 
1 
49 
3 
3 
18 
104 
No. 
Rel. 
Dens. 
.l3 
.01 
.11 
.02 
.02 
.01 
.47 
.03 
.03 
.17 
ReI. 
Dens. 
Basal 
Area 
2699 
13 
111 
555 
733 
95 
952 
1726 
4089 
15539 
26513 
Basal 
Area 
ReI. 
Basal 
.10 
.0004 
.004 
.02 
.03 
.003 
.04 
.07 
.15 
.59 
ReI. 
Basal 
Plot 12 
Line 
CanoEY 
m ReI. % 
2.5 3 
18.6 26 
32.9 46 
17 .9 25 
71.9 
Line 
CanoEY 
m ReI. % 
InterceEt Cover 
Under 
m ~1.% 
12.2 22 
4.6 8 
4.7 8 
.9 2 
33.7 60 
.3 1 
56.4 
InterceEt Cover 
Under 
m ReI. % 
278 
Shrub 
m ReI. % 
.3 9 
.9 26 
.5 14 
1.5 43 
.3 9 
3.5 
Shrub 
m --"ReI. % 
SaEling Counts 
1 2 3 Ave. 
24 11 5 13.3 
3 14 1 6.33 
2 3 6 3.6 
46 3 16.3 
2 .66 
37 14 9 20 
1 .33 
25 17 14 
3 2 35 13.3 
SaEling Counts 
1 2 3 Ave. 
1 .33 
1 10 2 4.33 
6 4 8 6 
7 2.3 
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Plot 13 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caro1iniana 
Fraxinus americana 
Fraxinus pennsylvanica 
Fraxinus sp. 
Jug1ans cinerea 
Ostrya virginiana 
Quercus alba 
Quercus mueh1enbergii 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus sp. 
Euonymous atropurpurea 
Lonicera sp. 
Prunus virginiana 
Ribes sp. 
Rubus sp. 
Rhus radicans 
Zanthoxylum americanum 
TOTAL 
No. 
18 
1 
4 
1 
21 
6 
2 
10 
16 
3 
82 
No. 
ReI. 
Dens. 
.22 
.05 
.01 
.26 
.07 
.02 
.12 
.20 
.04 
ReI. 
Dens. 
Basal 
Area 
4588 
, ...... _---, 
'-,_.--.\ 
43 
10 
414 
3611 
1263 
12914 
1353 
54 
24262 
Basal 
Area 
ReI. 
Basal 
.19 
.002 
.0004 
.02 
.15 
.05 
.53 
.06 
.002 
ReI. 
Basal 
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Plot 13 
Line InterceEt Cover 
CanoEl Under Shrub SaEling Counts 
m ReI. % m ~1. % m ReI. % 1 2 3 Ave. 
25.6 31 5.6 23 .3 .21 1 4 1 2 
6 0 4 3.33 
0 0 2 .67 
2.6 3 .4 29 54 54 63 57 
1.0 4 
13.2 54 19 32 25 25.33 
11.3 14 
6.4 .8 
35.2 .43 
.5 1 .5 2 2 0 4 2 
4.3 17 13 4 14 10.33 
81.6 24.6 1.4 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
7 0 31 12.67 
0 1 1 .67 
0 2 2 1.33 
.7 51 0 5 32 12.33 
0 1 0 .33 
5 1 0 2 
78 1 28 35.67 
0 7 1 2.67 
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Plot 14 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya ovata 
Crataegus sp. 
Fraxinus americana 
Fraxinus sp. 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Lonicera sp. 
Ribes missouriensis 
Rubus sp. 
Viburnum rafinesquianum 
Zanthoxylum americanum 
TOTAL 
No. 
11 
6 
3 
5 
73 
15 
4 
21 
1 
139 
No. 
ReI. 
Dens. 
.08 
.04 
.02 
.04 
.53 
.n 
.03 
.15 
.01 
ReI. 
Dens. 
Basal 
Area 
2174 
103 
427 
62 
1480 
6723 
529 
18919 
33 
30450 
Basal 
Area 
ReI. 
Basal 
.07 
.003 
.01 
.002 
.05 
.22 
.02 
.62 
.001 
ReI. 
Basal 
282 
Plot 14 
Line InterceEt Cover 
Canopy Under Shrub SaEling Counts 
m ReI. % m ~1.% m ReI. % 1 2 3 Ave. 
6.3 11 
1.9 5 30 10 18 19.3 
1 .33 
6 11 
1 .33 
30 7 4 13.66 
2 83 
32.4 92 .4 17 29 25 50 34.66 
6 2 3 3.67 
30.1 55 1 3 
12.6 23 2 1 1 1.33 
5 11 5.3 
14 5 26 15 
55.0 35.3 2.4 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m Rel. % m ReI. % m ReI. % 1 2 3 Ave. 
6 3 3 
14 6 3 7.66 
2 3 1.67 
2 2 1.33 
2 2 1.33 
283 
Plot 15 
SEecies - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus americana 
Juglans cinerea 
Juniperus virginiana 
Horus sp. 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus rubra 
Ulmus sp. 
TOTAL 
Species - Shrubs 
Cornus stolonifera 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
Toxicodendron radicans 
Zanthoxylum americanum 
Rhamnus 
TOTAL 
No. 
1 
1 
1 
5 
3 
1 
74 
24 
6 
16 
1 
133 
No. 
Rel. 
Dens. 
.01 
.01 
.01 
.04 
.02 
.01 
.56 
.18 
.05 
.12 
.01 
Rel. 
Dens. 
Basal 
Area 
8 
18 
8 
521 
101 
7 
2797 
8536 
1606 
13182 
20 
26806 
Basal 
Area 
Rel. 
Basal 
.0003 
.001 
.0003 
.02 
.004 
.0003 
.10 
.32 
.06 
.49 
.001 
Rei. 
Basal_ 
284 
Plot 15 
Line InterceEt Cover 
Canopy Under Shrub SaEling Counts 
m ReI. % m ReI. % m ~1. % 1 2 3 Ave. 
8 5 3 5.3 
1.6 4 .2 10 3 36 9 16 
4 1.3 
.5 1 2 .66 
5.3 12 .4 19 18 32 39 29.6 
1 .33 
.1 5 
7.4 11 37.1 83 .5 24 52 58 35 48.33 
5 1.6 
12.2 18 
47.1 71 3 3 2 2.67 
.3 14 5 14 6 8.33 
.2 .5 .1 5 
7 15 22 14.66 
66.7 44.7 2.1 
Line Interce,et Cover 
CanoEY Under Shrub Sa,eling Counts 
---ne1. % --m ReI. % m m ReI. % 1 2 3 Ave. 
1 2 1 
.2 10 11 2 1 4.67 
14 4.67 
2 3 1.67 
.2 10 17 5 7.33 
.1 5 4 1 1.6 
1 1 1 1 
285 
Plot 16 
SEecies - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidenta1is 
Cornus a1ternifo1ia 
Fraxinus americana 
Fraxinus nigra 
Fraxinus pennsy1vanica 
Juglans nigra 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
Tilia americana 
TOTAL 
SEecies - Shrubs 
Cornus sp. 
Corylus americana 
Prunus virginiana 
Ribes sp. 
Smila)( hispida 
Toxicodendron radicans 
TOTAL 
No. 
9 
39 
3 
3 
9 
1 
1 
19 
3 
3 
2 
17 
109 
No. 
ReI. 
Dens. 
.08 
.36 
.03 
.03 
.08 
.01 
.011 
.17 
.03 
.03 
.02 
.16 
ReI. 
Dens. 
Basal 
Area 
4335 
532 
1850 
1803 
4381 
1046 
1385 
1481 
332 
2665 
4331 
4414 
28553 
Basal 
Area 
ReI. 
Basal 
.15 
.02 
.06 
.06 
.15 
.04 
.05 
.05 
.01 
.09 
.15 
.15 
ReI. 
Basal 
286 
Plot 16 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1. % m ~1. % 1 2 3 Ave. 
14.2 29 4.9 8 .7 26 30 50 2 27.3 
.4 1 .1 4 3 1 
34.0 53 .7 26 47 85 53 61.66 
2 1 1 
8 17 
1.0 2 14 1 5 
1 12 4.33 
50 36 42 42.66 
4.9 10 2.4 4 .1 4 1 1 
8 17 1.2 2 
15.9 25 .9 33 5 4 3 
1.2 2 
2.6 4 
13.1 27 
3 3 2 
48.2 63.6 2.7 
Line InterceEt Cover 
CanoEX Under Shrub SaEling Counts 
m ReI. % m ~1. % m ~1. % 1 2 3 Ave. 
1 3 1.33 
26 8.67 
4 1 1.67 
11 3 1 5 
2 .66 
.2 7 2 .66 
287 
Plot 17 
Species - Trees 
Acer nigrum 
Ame1anchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Cornus alternifolia 
Fraxinus americana 
Fraxinus nigra 
Fraxinus pennsylvanica 
Fraxinus sp. 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus sp. 
Corylus americana 
Lonicera sp. 
Prunus virginiana 
Ribes missouriensis 
Ribes sp. 
Viburnum sp. 
Zanthoxylum americanum 
TOTAL 
No. 
37 
5 
3 
3 
2 
9 
50 
12 
10 
7 
138 
No. 
ReI. 
Dens. 
.27 
.04 
.02 
.02 
.01 
.07 
.36 
.09 
.07 
.05 
ReI. 
Dens. 
Basal 
Area 
2292 
68 
73 
142 
25 
770 
3548 
5502 
11174 
1564 
25158 
Basal 
Area 
ReI. 
Basal 
.09 
.003 
.003 
.01 
.001 
.03 
.14 
.22 
.44 
.06 
ReI. 
Basal 
288 
Plot 17 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
8.9 17 13.1 23 .1 6 6 7 2 5 
1.3 2 .4 25 5 1.66 
2.2 4 69 7 25.33 
.1 .2 1 1 3 1.67 
2 .66 
4 1.33 
.3 1 
75 45 30 50 
2.7 5 3.3 6 .1 6 
29.7 52 3 7 12 7.33 
11.4 21 
29.8 56 
7.3 13 12 5 2 8.5 
.2 .3 5 1 12 6 
53.10 57.2 1.6 
Line InterceEt Cover 
CanoEX Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
1 1 .66 
.5 31 1 .33 
1 .33 
6 3 
8 2.66 
.4 25 
10 2 1 4.33 
.1 6 
289 
Plot 18 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya ovata 
Cornus alternifolia 
Fraxinus americana 
Fraxinus sp. 
Juniperus virginiana 
Ostrya virginiana 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
TOTAL 
Species - Shrubs 
Cornus stolonifera 
Lonicera sp. 
Prunus virginiana 
Ribes missouriensis 
Rosa sp. 
Smilax hispida 
Toxicodendron radicans 
Viburnum sp. 
TOTAL 
No. 
12 
21 
16 
3 
9 
76 
7 
9 
4 
1 
158 
No. 
ReI. 
Dens. 
.08 
.13 
.10 
.02 
.06 
.48 
.04 
.06 
.03 
.01 
ReI. 
Dens. 
Basal 
Area 
1367 
466 
198 
43 
471 
3238 
5427 
2753 
1895 
13 
15869 
Basal 
Area 
ReI. 
Basal 
.08 
.03 
.01 
.003 
.03 
.20 
.34 
.17 
.12 
.001 
ReI. 
Basal 
290 
Plot 18 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1. % m ~l. % 1 2 3 Ave. 
4.7 16 1.6 3 7 5 1 4.33 
2.4 8 6.8 13 8 2 10 6.66 
4.0 8 17 2 6.33 
3 2 2 2.33 
1.6 3 .4 4 1 .33 
1.8 3 .1 1 10 13 19 14 
2 1 1 1.33 
4.3 IS 29.4 56 1.5 13 79 22 106 69 
9.4 32 3 1 
8.5 29 7 8 5 
3.6 7 .3 3 5 1.66 
29.30 52.1 11.3 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ReI. % m ~1. % 1 2 3 Ave. 
2.2 4 1.3 12 9 61 16 28.66 
1.4 12 14 2 24 13.3 
1 2 32 13 9 18 
1 5 3 3 
.1 .2 7 2.33 
9 1 3.33 
9 1 3.33 
6.3 56 119 104 29 84 
291 
Plot 19 
Species - Trees 
Acer nigrum 
Ame1anchier arborea 
Carpinus caro1iniana 
Carya ovata 
Fraxinus nigra 
Fraxinus sp. 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
Ulmus sp. 
TOTAL 
Species - Shrubs 
Cornus sp. 
Euonymus atropurpureus 
Lonicera sp. 
Prunus virginiana 
Prunus sp. 
Ribes cynosbati 
Ribes sp. 
Smilax hispida 
Staphy1ea trifo1ia 
Toxicodendron radicans 
Viburnum sp. 
Zanthoxylum americanum 
TOTAL 
No. 
17 
15 
14 
1 
1 
2 
35 
3 
12 
6 
106 
No. 
ReI. 
Dens. 
.16 
.14 
.13 
.01 
.01 
.02 
.33 
.03 
.11 
.06 
ReI. 
Dens. 
Basal 
Area 
4699 
367 
268 
17 
452 
24 
1935 
2648 
11775 
3481 
25667 
Basal 
Area 
ReI. 
Basal 
.18 
.01 
.01 
.001 
.02 
.001 
.08 
.10 
.46 
.14 
ReI. 
Basal 
292 
Plot 19 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1. % m ~1. % 1 2 3 Ave. 
8.7 16 5.1 8 1.3 24 8 30 51 29.67 
3 1 
9.7 15 4 30 11.33 
2 .66 
1.1 2 2.8 52 23 26 31 26.67 
32.9 52 10 11 17 12.67 
8.8 16 
28.1 52 1 .33 
8 15 14.8 23 .2 4 5 
4 7 5 1.66 
.2 4 
53.6 63.6 5.4 
Line InterceEt Cover 
CanoEl Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
1 3 1.33 
3 1 
4 1.33 
100 7 35.67 
.4 7 
2 .66 
.2 4 
3 2 1.67 
.1 2 32 2 11.33 
8 2.67 
.2 4 11 10 16 12.3 
2 .66 
293 
Plot 20 
SEecies - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Cornus alternifolia 
Fraxinus sp. 
Juniperus virginiana 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
SEecies - Shrubs 
Cornus stolonifera 
Cornus sp. 
Lonicera sp. 
Prunus virginiana 
Prunus sp. 
Ribes cynosbati 
Ribes missouriensis 
Toxicodendron radicans 
Viburnum lentago 
Viburnum sp. 
Zanthoxylum americanum 
TOTAL 
No. 
8 
2 
1 
1 
1 
3 
28 
4 
12 
4 
64 
No. 
ReI. 
Dens. 
.13 
.03 
.02 
.02 
.02 
.05 
.44 
.06 
.19 
.06 
ReI. 
Dens. 
Basal 
Area 
1423 
30 
10 
143 
38 
34 
1203 
947 
6474 
698 
11000 
Basal 
Area 
ReI. 
Basal 
.13 
.003 
.001 
.01 
.004 
.003 
.11 
.09 
.59 
.06 
ReI. 
Basal 
294 
Plot 20 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
4.1 18 .9 3 .1 4 2 1 1.5 
.2 1 2 1 
4.1 13 .5 21 11 26 18.5 
2 1 1.5 
1.1 4 2 1 
1 .5 
3.2 1 .1 4 11 5 8 
1 .5 
20.9 67 .4 17 30 33 31.5 
2 1 
16.7 74 4 2 
1.8 8 .6 2 18 9 
16 12 14 
22.6 31.3 2.4 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
32 35 33.5 
.2 8 
6 7 6.5 
54 5 29.5 
.3 1 .2 8 
2 1 
4 2 
1 4 2.5 
.9 38 
38 5 21.5 
1 .5 
295 
Plot 21 
SEecies - Trees 
Acer nigrum 
Ame1anchier arborea 
Carpinus caro1iniana 
Carya ovata 
Fraxinus nigra 
Fraxinus sp. 
Juniperus virginiana 
Ostrya virginiana 
Quercus alba 
Quercus mueh1enbergii 
Quercus rubra 
Tilia americana 
Pinus strobus 
TOTAL 
Species - Shrubs 
Euonymus atropurpureus 
Ribes missouriensis 
Viburnum rafinesquianum 
Viburnum sp. 
TOTAL 
No. 
1 
10 
1 
4 
1 
43 
12 
1 
9 
82 
No. 
ReI. 
Dens. 
.01 
.12 
.01 
.05 
.01 
.52 
.15 
.01 
.11 
ReI. 
Dens. 
Basal 
Area 
13 
107 
36 
36 
71 
1112 
5553 
1119 
2939 
10985 
Basal 
Area 
ReI. 
Basal 
.001 
.01 
.003 
.003 
.01 
.10 
.51 
.10 
.27 
ReI. 
Basal 
296 
Plot 21 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
1 9 5 
3.3 15 .8 9 11 17 14 
.9 4 57 21 39 
1 .5 
1 4 2.5 
4 2 
13.8 61 1.7 20 57 21 39 
1.2 17 .2 2 8 4 
1.8 26 
3.9 57 4.6 20 .6 7 25 12.5 
1 1 1 
1 .5 
6.9 22.6 8.6 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
5 2.5 
1 5 3 
3 36 19.5 
5.3 62 
297 
Plot 22 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya ovata 
Fraxinus americana 
Fraxinus sp. 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus stolonifera 
Lonicera dieverella 
Prunus sp. 
Ribes sp. 
Rosa asicularis 
Viburnum rafinesquianum 
Smilax ecirrhata 
TOTAL 
No. 
4 
4 
17 
2 
38 
1 
7 
5 
78 
No. 
ReI. 
Dens. 
.05 
.05 
.22 
.03 
.49 
.01 
.08 
.06 
ReI. 
Dens. 
Basal 
Area 
339 
152 
245 
64 
1293 
269 
8595 
1172 
12129 
Basal 
Area 
Rel. 
Basal 
.03 
.01 
.02 
.01 
.11 
.02 
.71 
.10 
Rel. 
Basal 
298 
Plot 22 
Line Interce]2t Cover 
Can0]2Y Under Shrub Sa]2ling Counts 
--
-reI. m Re1. % m Re1. % m % 1 2 3 Ave. 
.2 1 43 12 27.5 
1.7 7 1 1 1 
7.8 30 26 64 45 
1 .5 
1.2 5 
54 26 40 
9.4 26 15.1 58 20 7 l3.5 
4.4 12 
20.7 58 2 1 
1.5 4 1 .5 
4 4 4 
36.0 26.0 1.2 
Line InterceEt Cover 
Cano]2~ Under Shrub Sa]2ling Counts 
m Re1. % m -"Re1. % m -re1. % 1 2 3 Ave. 
22 1 11.5 
2 1 1.5 
2 1 1.5 
4 2 
1 .5 
1.2 100 24 32 28 
1 1 1 
299 
Plot 23 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caro1iniana 
Fraxinus americana 
Fraxinus sp. 
Juniperus virginiana 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus sp. 
TOTAL 
Species - Shrubs 
Lonicera sp. 
Prunus sp. 
Ribes sp. 
Rubus sp. 
Viburnum sp. 
TOTAL 
No. 
9 
10 
7 
1 
33 
1 
7 
6 
74 
No. 
Rel. 
Dens. 
.12 
.14 
.09 
.01 
.45 
.01 
.09 
.08 
ReI. 
Dens. 
Basal 
Area 
1121 
191 
118 
64 
1280 
240 
7787 
1300 
12102 
Basal 
Area 
Rel. 
Basal 
.09 
.02 
.01 
.01 
.11 
.02 
.64 
.11 
ReI. 
Basal 
300 
Plot 23 
Line Intercept Cover 
--Canopy Under Shrub Sapling Counts 
m ReI. % m ~1.% m ReI. % 1 2 3 Ave. 
4.3 15 
1.7 6 15 5 10 
5.9 20 41 105 73 
13 23 18 
1 .5 
.8 5 17.5 60 23 18 20.5 
8.4 55 4 2 
6.1 40 3 1.5 
2 1 
15.3 29.4 0 
Line Intercept Cover 
Canopy Under Shrub Sapling Counts 
m ReI. % m ~I. % m ~1. % 1 2 3 Ave. 
9 7 8 
7 32 19.5 
6 12 9 
2 1 
17 4 10.5 
301 
Plot 24 
Species - Trees 
Acer nigrum 
Ame1anchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Cornus a1ternifo1ia 
Crataegus sp. 
Fraxinus nigra 
Fraxinus sp. 
Juniperus virginiana 
Ostrya virginiana 
Populus deltoides 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus rubra 
Ulmus thomasii 
Ulmus sp. 
TOTAL 
Species - Shrubs 
Cornus rugosa 
Corylus americana 
Dirca palustris 
Euonymus atropurpureus 
Lonicera dioica 
Prunus virginiana 
Ribes cynosbati 
Staphylea trifolia 
Toxicodendron radicans 
Viburnum rafinesquianum 
TOTAL 
No. 
37 
12 
23 
1 
1 
2 
41 
1 
11 
12 
6 
1 
148 
No. 
ReI. 
Dens. 
.25 
.08 
.16 
.01 
.01 
.01 
.28 
.01 
.07 
.08 
.04 
.01 
ReI. 
Dens. 
Basal 
Area 
2507 
188 
315 
53 
79 
497 
1945 
730 
8466 
4050 
1058 
108 
19996 
Basal 
Area 
ReI. 
Basal 
.13 
.01 
.02 
.002 
.004 
.02 
.10 
.04 
.42 
.20 
.05 
.01 
ReI. 
Basal 
302 
Plot 24 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m Rel. % m ~1.% m ~I. % 1 2 3 Ave. 
9.3 20 17.8 24 18 30 26 24.66 
8.2 11 .1 3 22 6 9.33 
14.1 19 1 29 65 93 48 68.66 
1 .33 
1 .33 
2 .66 
1 1 
2.9 6 
.3 9 29 36 7 24 
3 1 
24.8 33 28 1 9 12.67 
1 1 
23.4 51 2.2 3 3 3 2 
5.9 13 5.7 8 3 10 26 13 
4.4 10 
.1 .13 1 29 
18 6 
45.9 74.1 3.4 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m Re1. % m ~1.% m ReI. % 1 2 3 Ave. 
.4 12 10 11 7 
.4 12 3 15 6 
.2 .3 2 6 2.67 
3 1 
.1 3 4 2 2 2.67 
15 5 2 7.3 
1 4 2 2.3 
.1 3 
18 6 
28 1 3 10.67 
303 
Plot 25 
Species - Trees 
Acer nigrum 
Ame1anchier arborea 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus americana 
Fraxinus sp. 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Acanthopanax sieboldianus 
Cornus drummondii 
Lonicera tartarica 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
Zanthoxylum americanum 
TOTAL 
No. 
3 
3 
24 
69 
28 
127 
No. 
Rei. 
Dens. 
.02 
.02 
.19 
.54 
.22 
ReI. 
Dens. 
Basal 
Area 
773 
21 
347 
1641 
20223 
23004 
Basal 
Area 
Rei. 
Basal 
.03 
.001 
.02 
.07 
.88 
Rei. 
Basal 
304 
Plot 25 
.Line Intercept Cover 
Canopy Under Shrub Sapling Counts 
m Re1. % m ~1.% m ~1. % 1 2 3 Ave. 
7 2 3 
.1 1 6 2 2.67 
2 .66 
.8 1 .9 2 .7 6 22 34 1 19 
29 49 27 35 
12.8 33 1.6 13 
18.3 48 10 19 10 13 
.7 6 l4 4 10 9.33 
54.8 98 1 3 1 1.67 
7 2.33 
.1 .2 .4 3 21 17 5 14.3 
6.3 16 .3 2 61 31 34 42 
55.7 38.3 12.4 
Line Intercept Cover 
--Canop~ Under Shrub Sapling Counts 
m Re1. % m ~1. % m Re1. % 1 2 3 Ave. 
1 .33 
1 2 1 
4 1.33 
7.9 64 4 76 163 81 
.5 4 30 24 3 19 
4 1 2 2.33 
.2 2 7 3 7 5.7 
305 
Plot 26 
SEecies - Trees 
Acer nigrum 
Ame1anchier arborea 
Carya cordiformis 
Carya ovata 
Celtis occidenta1is 
Crataegus sp. 
Fraxinus sp. 
Ostrya virginiana 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
SEecies - Shrubs 
Lonicera dioica 
Prunus virginiana 
Prunus sp. 
Ribes missouriensis 
Smilax hispida 
Viburnum rafinesquianum 
TOTAL 
No. 
89 
1 
1 
13 
17 
2 
5 
20 
4 
152 
No. 
ReI. 
Dens. 
.56 
.01 
.01 
.09 
.11 
.01 
.03 
.13 
.03 
ReI. 
Dens. 
Basal 
Area 
4082 
8 
201 
654 
352 
1560 
1495 
20146 
204 
28703 
Basal 
Area 
ReI. 
Basal 
.41 
.0003 
.01 
.02 
.01 
.05 
.05 
.70 
.01 
ReI. 
Basal 
306 
Plot 26 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
23.5 36 37.7 72 .4 11 7 13 9 9.7 
9 4 4.3 
2 .67 
1 .33 
3 2 1.67 
1 .33 
3.7 7 1.6 43 19 32 42 31 
6.5 12 .1 3 4 2 10 5.3 
5.7 9 
36.5 56 
4.3 8 .5 14 
32 11 14.3 
65.7 52.2 3.7 
Line InterceEt Cover 
CanoEl --Under Shrub SaEling Counts 
m ReI. % m ~1. % m ~1. % 1 2 3 Ave. 
2 .66 
117 2 24 47.67 
1.1 30 
1 1 .66 
4 1.33 
3 2 1.67 
307 
Plot 27 
Species - Trees 
Acer nigrum-
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Crataegus sp. 
Fraxinus americana 
Fraxinus nigra 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus rubra 
Ulmus thomasii 
TOTAL 
Species - Shrubs 
Cornus drummondii 
Corylus americana 
Euonymus atropurpureus 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
Toxicodendron radicans 
Viburnum lentago 
TOTAL 
No. 
4 
2 
5 
10 
1 
1 
7 
1 
60 
1 
7 
2 
3 
6 
2 
112 
No. 
ReI. 
Dens. 
.04 
.02 
.04 
.09 
.01 
.01 
.08 
.01 
.54 
.01 
.06 
.02 
.03 
.05 
.02 
ReI. 
Dens. 
Basal 
Area 
76 
17 
2044 
5662 
38 
24 
137 
38 
1453 
13 
7675 
1856 
1892 
2343 
738 
24008 
Basal 
Area 
ReI. 
Basal 
.003 
.001 
.09 
.24 
.002 
.001 
.01 
.002 
.06 
.001 
.32 
.08 
.08 
.10 
.03 
ReI. 
Basal 
308 
Plot 27 
Line Intercept Cover 
--Canopy Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. ok 1 2 3 Ave. 
2.8 11 .2 15 4 3 8 5 
7 2.3 
3 6 5 4 
25.2 47 
.1 8 4 7 4 3 
2 1 3 2 
1.4 6 .2 15 
19.0 75 .2 15 4 18 24 15.3 
6 5 3.67 
2.7 5 1 .33 
4.6 9 2 .66 
2.3 4 2 .66 
9.4 17 1.5 6 
.5 38 88 4 7 33 
6.8 13 
54 25.3 1.3 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
--
m ReI. % m Re1. % m Re1. % 1 2 3 Ave. 
.6 2 .1 8 15 9 8 
4 21 1 8.67 
1 .33 
1 20 7 
4 6 20 10 
5 1.67 
68 48 38.67 
1 1 .66 
309 
Plot 28 
Species - Trees 
Acer nigrum 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus sp. 
Juglans nigra 
Ostrya virginiana 
Quercus mueh1enbergii 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus rugosa 
Corylus americana 
Prunus sp. 
Rubus sp. 
Smilax hispida 
Toxicodendron radicans 
Zanthoxylum americanum 
TOTAL 
No. 
6 
6 
3 
17 
4 
4 
6 
31 
1 
13 
10 
101 
No. 
ReI. 
Dens. 
.06 
.06 
.03 
.17 
.04 
.04 
.06 
.31 
.01 
.13 
.10 
ReI. 
Dens. 
Basal 
Area 
147 
2159 
383 
1676 
32 
3110 
197 
13819 
868 
1007 
2645 
26041 
Basal 
Area 
ReI. 
Basal 
.01 
.08 
.01 
.06 
.001 
.12 
.01 
.53 
.03 
.04 
.10 
ReI. 
Basal 
310 
Plot 28 
Line InterceEt Cover 
CanoEY --Under Shrub SaEling Counts 
m ReI. % m ~1.% m -"ReI. % 1 2 3 Ave. 
4.5 10 3 4 2.33 
2.7 6 1 7 33 13.66 
15.3 35 11 16 17 14.66 
8.6 19 13 27 31 23.67 
6.6 11 
5.1 12 3 1 
47.8 81 2 1 14 5.67 
1.1 2 1 2 3 2 
3.3 6 6.1 14 7 2 12 7 
1.9 4 1 .33 
58.8 44.2 .1 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
3 20 7.67 
1 10 3.67 
1 1 5 2.33 
5 1.67 
14 22 25 20.33 
2 40 14 
.1 100 2 1 1 
311 
Plot 29 
SEecies - Trees 
Acer nigrum 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Crataegus sp. 
Fraxinus nigra 
Fraxinus sp. 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus macrocarpa 
Quercus rubra 
Tilia americana 
Ulmus rubra 
Ulmus sp. 
TOTAL 
SEecies - Shrubs 
Cornus rugosa 
Prunus sp. 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
Toxicodendron radicans 
Zanthoxylum americanum 
TOTAL 
No. 
1 
9 
1 
5 
20 
122 
3 
5 
2 
8 
9 
2 
187 
No. 
ReI. 
Dens. 
.01 
.05 
.01 
.03 
.11 
.65 
.02 
.03 
.02 
.05 
.05 
.01 
Rel. 
Dens. 
Basal 
Area 
363 
1466 
38 
2119 
3197 
3510 
546 
1870 
236 
9762 
2760 
654 
26521 
Basal 
Area 
Rel. 
Basal 
.01 
.06 
.001 
.08 
.12 
.13 
.02 
.07 
.01 
.37 
.10 
.02 
ReI. 
Basal 
312 
Plot 29 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m Rel. % m --rel. % m ReI. % 1 2 3 Ave. 
4.2 6 
1 .33 
1 1 .66 
1 .33 
3.2 5 
13.5 19 21 47 30 32.67 
5.8 8 53.0 100 .2 100 30 28 29 29 
7.6 11 
24.4 35 
10.5 15 1 5 2 
1.5 2 
1 .33 
70.5 53.0 .2 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m --reI. % m ReI. % 1 2 3 Ave. 
1 .33 
1 .33 
13 8 13 11.3 
1 .33 
1 .33 
1 .33 
1 .33 
313 
Plot 30 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Crataegus sp. 
Fraxinus nigra 
Fraxinus sp. 
Juglans nigra 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Lonicera tartarica 
Prunus virginiana 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
Toxicodendron radicans 
Viburnum rafinesquianum 
TOTAL 
No. 
20 
2 
8 
1 
9 
4 
4 
2 
35 
3 
4 
4 
2 
98 
No. 
Rel. 
Dens. 
.20 
.02 
.08 
.01 
.09 
.04 
.04 
.02 
.36 
.03 
.04 
.04 
.02 
Rel. 
Dens. 
Basal 
Area 
1742 
31 
80 
683 
3049 
1426 
52 
1456 
1149 
3779 
4632 
712 
462 
19254 
Basal 
Area 
Rel. 
Basal 
.09 
.002 
.004 
.04 
.16 
.07 
.003 
.08 
.06 
.20 
.24 
.04 
.02 
ReI. 
Basal 
314 
Plot 30 
Line Intercept Cover 
--Canopy Under Shrub SaEling Counts 
m ReI. % m ~1.% m ReI. % 1 2 3 Ave. 
6.7 10 10.0 25 9 2 3.66 
6 2 
1.6 3 10.3 26 37 2 13 
8.4 13 1.6 4 2 .66 
3.7 6 
.1 5 11 4 6.66 
1 .33 
9.4 23 .4 71 14 29 38 
9.0 22 27 2 9.66 
12.9 20 
11.6 18 3 1 1 1.67 
14.2 22 3 1 
4.8 8 7 15 7.3 
63.9 40.3 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
1 .33 
1 3 1 1.67 
6 16 7.3 
14 4.66 
1 .33 
4 2 2 
1 .33 
315 
Plot 31 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carya cordiformis 
Carya ovata 
Fraxinus americana 
Fraxinus sp. 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus stolonifera 
Lonicera sp. 
Rhus glabra 
Ribes sp. 
Toxicodendron radicans 
Viburnum rafinesquianum 
Zanthoxylum americanum 
TOTAL 
No. 
9 
18 
90 
3 
12 
4 
4 
140 
No. 
Rel. 
Dens. 
.06 
.13 
.64 
.02 
.09 
.03 
.03 
Rel. 
Dens. 
Basal 
Area 
314 
326 
2444 
52 
22267 
4078 
71 
29551 
Basal 
Area 
ReI. 
Basal 
.01 
.01 
.08 
.001 
.75 
.14 
.002 
ReI. 
Basal 
316 
Plot 31 
Line Intercept Cover 
Canopy --Under Shrub Sapling Counts 
m ReI. % m ~1.% m ~l. % 1 2 3 Ave. 
3 2 1 2 
10.6 53 5 3 6 4.6 
4 8 4 
.3 7 6 12 6 
7.6 38 2.2 48 
169 108 73 116.67 
9 26 23 19.33 
1.7 9 .2 4 9 17 3 9.66 
45.6 89 .1 2 22 38 60 40 
5.8 11 .2 4 2 3 1.66 
1.3 28 8 15 13 12 
.2 4 20 28 10 19.33 
51.4 19.9 4.6 
Line Intercept Cover 
Canop~ Under Shrub Sapling Counts 
m ReI. % m ~1.% m ~l. % 1 2 3 Ave. 
27 9 
2 10 4 
1 .33 
1 1 6 2.66 
5 14 6.33 
.1 2 2 .66 
4 4 2.67 
317 
Plot 32 
Species - Trees 
Carya ovata 
Celtis occidentalis 
Crataegus sp. 
Fraxinus sp. 
Jug1ans nigra 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus americana 
Ulmus sp. 
TOTAL 
Species - Shrubs 
Berberis thurbergii 
Cornus rugosa 
Lonicera tartarica 
Ribes missouriensis 
Ribes sp. 
Rubus sp. 
Smilax hispida 
Toxicodendron radicans 
Viburnum rafinesquianum 
Zanthoxylum americanum 
TOTAL 
No. 
3 
1 
15 
15 
5 
16 
1 
6 
1 
72 
No. 
9 
ReI. 
Dens. 
.04 
.01 
.21 
.21 
.07 
.22 
.01 
.08 
.01 
ReI. 
Dens. 
.13 
Basal 
Area 
90 
16 
502 
5040 
68 
20804 
3445 
2594 
521 
33246 
Basal 
Area 
166 
ReI. 
Basal 
.003 
.0005 
.02 
.15 
.002 
.63 
.10 
.08 
.02 
ReI. 
Basal 
.005 
318 
Plot 32 
Line Intercept Cover 
--Canopy Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
1 .33 
.1 1 2 2 1.33 
1 .33 
5.5 8 9.8 55 6.7 61 149 153 214 172 
3 7 3.33 
47.4 71 4.4 25 1 .33 
4 6 
9.7 15 3 3 2 
.7 6 11 21 8 13.33 
66.6 17.8 10.9 
Line InterceEt Cover 
CanoEX Under Shrub SaEling Counts 
m ReI. % m --reI. % m --reI. % 1 2 3 Ave. 
3 1 
4 1.33 
3.6 20 .4 4 50 93 22 55 
56 28 18 34 
2.2 20 
.8 7 2 25 9 
1 8 2 3.66 
2 1 4 2.33 
6 2 
4 1.33 
319 
Plot 33 
Species - Trees 
Acer negundo 
Acer nigrum 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Cornus alternifolia 
Crataegus sp. 
Fraxinus sp. 
Juglans nigra 
Ostrya virginiana 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus drummondii 
Corylus americana 
Lonicera tartarica 
Prunus virginiana 
Ribes missouriensis 
Sambucus canadensis 
Smilax hispida 
TOTAL 
No. 
1 
44 
62 
1 
3 
12 
1 
1 
3 
11 
41 
3 
1 
1 
6 
10 
201 
No. 
ReI. 
Dens. 
.005 
.22 
.31 
.005 
.01 
.06 
.005 
.005 
.01 
.05 
.20 
.01 
.005 
.005 
.03 
.05 
ReI. 
Dens. 
Basal 
Area 
7 
3518 
1000 
18 
282 
240 
16 
38 
2420 
7978 
2389 
2282 
443 
7 
226 
1622 
22486 
Basal 
Area 
ReI. 
Basal 
.0003 
.16 
.04 
.001 
.01 
.01 
.001 
.002 
.11 
.35 
.11 
.10 
.02 
.0003 
.01 
.07 
Rel. 
Basal 
320 
Plot 33 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1. % m ReI. % 1 2 3 Ave. 
8.5 24 21.8 30 7 28 33 22.67 
24.8 34 5.9 89 14 69 52 45 
2.2 3 .1 2 2 1 1 
.5 1 14.7 20 48 2 3 17 .67 
.6 1 
.3 .4 10 2 5 5.67 
2.8 8 
6.2 17 7.9 11 4 9 4.33 
16 45 1 .33 
2 7 3 4 
1.5 4 .2 3 8 13 5 8.67 
35.5 72.6 6.6 
Line InterceEt Cover 
CanoEl Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
4 1.33 
.2 3 8 5 7 6.67 
.3 .4 16 1 5.67 
3 2 1 2 
22 2 20 14.66 
1 1 .66 
.2 3 2 2 3 2.33 
321 
Plot 34 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Cornus alternifolia 
Crataegus sp. 
Fraxinus nigra 
Fraxinus sp. 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Berberis thurbergii 
Cornus drummondii 
Corylus americana 
Lonicera tartarica 
Physocarpus opulifolius 
Prunus virginiana 
Ribes missouriensis 
Toxicodendron radicans 
Viburnum rafinesquianum 
TOTAL 
No. 
6 
4 
37 
3 
12 
3 
5 
26 
16 
7 
2 
1 
122 
No. 
ReI. 
Dens. 
.05 
.03 
.30 
.02 
.10 
.02 
.04 
.21 
.13 
.06 
.02 
.01 
ReI. 
Dens. 
Basal 
Area 
333 
386 
521 
170 
4104 
1548 
372 
1172 
9937 
7906 
1286 
38 
27772 
Basal 
Area 
ReI. 
Basal 
.01 
.01 
.02 
.01 
.15 
.06 
.01 
.04 
.36 
.28 
.05 
.001 
ReI. 
BasaL 
322 
Plot 34 
Line Interce,et Cover 
Cano,ey Under Shrub Sa,eling Counts 
m ReI. % m ~I. % m ~1. % 1 2 3 Ave. 
9.0 17 1 6 7 4.67 
4 1 1.33 
16.5 31 .6 8 68 30 84 60.67 
.7 10 1 
4.9 9 
1 .33 
1 .33 
3.5 6 
3.4 6 4.3 59 23 129 127 93 
24.6 46 5 1.67 
18.6 33 
21.3 38 1 .33 
7.5 13 7 13 6.67 
.1 1 
55.8 53.5 7.3 
Line Interce,et Cover 
Cano,el Under Shrub Sa,eling Counts 
m ReI. % m ~l.% m -rel. % 1 2 3 Ave. 
.5 7 
3 1 
.8 11 2 1 1 
1 4 1.67 
.2 3 69 23 
3 1 
.1 1 2 4 6 4 
1 2 1 
2 1 1 
323 
Plot 35 
Species - Trees 
Acer nigrum 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Fraxinus nigra 
Fraxinus sp. 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus sp. 
TOTAL 
Species - Shrubs 
Acanthopanax sieboldianus 
Berberis thurbergii 
Lonicera tartarica 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
Staphylea trifolia 
Toxicodendron radicans 
TOTAL 
No. 
14 
3 
4 
1 
54 
2 
8 
4 
4 
98 
No. 
4 
ReI. 
Dens. 
.14 
.03 
.04 
.01 
.55 
.02 
.08 
.04 
.04 
ReI. 
Dens. 
.04 
Basal 
Area 
4720 
60 
1216 
220 
1818 
652 
6559 
9473 
1244 
26007 
Basal 
Area 
46 
ReI. 
Basal 
.18 
.002 
.05 
.01 
.07 
.03 
.25 
.36 
.05 
ReI. 
Basal 
.002 
324 
Plot 35 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1.% m ReI. % 1 2 3 Ave. 
IS 30 3.9 11 .3 3 14 1 1 5.3 
4.3 12 5 IS 19 14 
.7 2 15 6 6 9 
1.6 4 .1 1 8 4 2 4.67 
5.9 16 2.6 30 162 76 89 109 
IS.2 49 2 1 1 
1.3 2 
11.1 18 
16.2 27 
1 3 1 1.67 
14.3 23 
60.9 36.8 8.8 
Line InterceEt Cover 
CanoEl Under Shrub Sapling Counts 
m ReI. % m ~I.% m ~1. % 1 2 3 Ave. 
4.5 54 18 
4 119 55 59.33 
1.9 5 .5 6 57 1 19.33 
5 1.67 
.7 8 1 2 1 
1 .33 
.3 1 30 S 
.1 1 2 .66 
325 
Plot 36 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Cornus alternifolia 
Crataegus sp. 
Fraxinus sp. 
Juniperus virginiana 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Corylus americana 
Lonicera tartarica 
Ribes missouriensis 
Rubus sp. 
Zanthoxylum americanum 
TOTAL 
No. 
3 
2 
2 
7 
2 
21 
16 
29 
7 
89 
No. 
ReI. 
Dens. 
.03 
.02 
.02 
.08 
.02 
.24 
.18 
.33 
.08 
ReI. 
Dens. 
Basal 
Area 
784 
22 
24 
898 
25 
527 
8714 
26910 
1000 
38903 
Basal 
Area 
ReI. 
Basal 
.02 
.001 
.001 
.02 
.001 
.01 
.22 
.69 
.03 
ReI. 
Basal 
326 
Plot 36 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m -"ReI. % m "-ReI. % 1 2 3 Ave. 
6.7 10 7 29 
7 8 5 6.67 
20 3 7.67 
5 2 2.33 
4.0 6 
1 .33 
1 .33 
3 4 4 3.67 
1.4 2 .6 2 35 43 35 37.67 
1 .33 
9.8 41 26 27 23 25.33 
27.3 39 
26.5 38 6.7 28 4 1.33 
3.4 5 16 19 2 12.33 
69.3 24.1 0 
Line InterceEt Cover 
CanoE~ --Under Shrub SaEling Counts 
m ReI. % m -"ReI. % m "-ReI. % 1 2 3 Ave. 
1 .33 
12 4 
3 1 
1 .33 
7 1 2.67 
327 
Plot 37 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus nigra 
Fraxinus sp. 
Juglans nigra 
Ostrya virginiana 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus drummondii 
Cory1us americana 
Euonymus atropurpureus 
Prunus virginiana 
Ribes missouriensis 
Rubus sp. 
Toxicodendron radicans 
Zanthoxylum americanum 
TOTAL 
No. 
17 
13 
7 
8 
7 
1 
31 
1 
1 
2 
2 
3 
93 
No. 
ReI. 
Dens. 
.18 
.14 
.08 
.09 
.08 
.01 
.33 
.01 
.01 
.02 
.02 
.03 
ReI. 
Dens. 
Basal 
Area 
10820 
4660 
2313 
585 
613 
707 
1333 
57 
1225 
36 
2082 
365 
24796 
Basal 
Area 
ReI. 
Basal 
.44 
.19 
.09 
.02 
.02 
.03 
.05 
.002 
.05 
.001 
.08 
.01 
ReI. 
Basal 
328 
Plot 37 
Line Intercept Cover 
Canopy Under Shrub Sapling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
2.8 51 10.9 20 40 13.33 
1 .33 
12.8 23 .7 1 .5 25 31 7 10 16 
9.4 17 
1 2 .3 15 2 1 1 1.33 
1.7 3 1 .33 
4.5 8 13.8 26 1.1 55 69 30 6 35 
20.5 38 58 17 4 26.33 
1 .33 
1 .33 
3 1 
5.3 10 1 1 1 1 
3 1 
54.7 53.9 2.0 
Line Intercept Cover 
CanoE~ Under Shrub Sapling Counts 
m ReI. % m ~1. % m ReI. % 1 2 3 Ave. 
.1 5 
1 6 2.33 
2 4 2 
1 .33 
2 9 3.67 
5 2 2.33 
4 1 1.67 
8 5 4.33 
329 
Plot 38 
Species - Trees 
Acer nigrum 
Ame1anchier arborea 
Carya cordiformis 
Carya ovata 
Celtis occidenta1is 
Fraxinus sp. 
Juniperus virginiana 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus sto1onifera 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
TOTAL 
No. 
1 
2 
8 
5 
1 
95 
17 
7 
1 
l37 
No. 
ReI. 
Dens. 
.01 
.01 
.06 
.04 
.01 
.69 
.12 
.05 
.01 
ReI. 
Dens. 
Basal 
Area 
10 
22 
3477 
2763 
29 
l392 
11939 
1822 
363 
21815 
Basal 
. Area 
ReI. 
Basal 
.0004 
.001 
.16 
.l3 
.001 
.06 
.55 
.08 
.02 
ReI. 
Basal 
330 
Plot 38 
Line Interce:et Cover 
Cano:ey Under Shrub Sa:eling Counts 
m ReI. % m ~1.% m ~I. % 1 2 3 Ave. 
I 2 1 
5 3 2.67 
1.1 1 2 7 3 
11.3 31 .1 .1 2 
2 .67 
10.2 28 .1 .1 .6 17 6 13 92 37 
1 1 1 1 .66 
89.9 96 2.4 69 144 149 150 147.67 
1.3 1 2 2 1.33 
14.7 41 3 .33 
.4 .4 
1 1 .66 
1 2 1 
36.2 93.9 3.5 
Line Interce:et Cover 
Cano:e~ Under Shrub Sa:eling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
1 .33 
.5 14 13 22 11.67 
1 .33 
1 .33 
331 
Plot 39 
Species - Trees 
Acer nigrum 
Celtis occidentalis 
Gleiditisia triacanthos 
Jug1ans nigra 
Juniperus virginiana 
Morus sp. 
Prunus serotina 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus drummondii 
Cornus rugosa 
Lonicera exbella 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
Toxicodendron radicans 
Vitis riparia 
Zanthoxylum americanum 
TOTAL 
No. 
1 
3 
1 
65 
1 
1 
1 
75 
No. 
2 
ReI. 
Dens. 
.01 
.04 
.01 
.87 
.01 
.01 
.01 
ReI. 
Dens. 
.03 
Basal 
Area 
10 
121 
8 
19124 
75 
64 
14 
19445 
Basal 
Area 
29 
ReI. 
Basal 
.0005 
.01 
.0004 
.98 
.004 
.003 
.001 
ReI. 
Basal 
.002 
Plot 39 
m 
Line 
Canopy 
ReI. % 
32.7 100 
32.7 
Line 
Cano,e~ 
m ReI. % 
Intercept Cover 
Under 
m~l. % 
2.9 
5.3 
12.8 
InterceEt 
23 
41 
Cover 
Under 
m ~1. % 
4.2 33 
.4 3 
332 
Shrub 
m~1. % 
3.3 
Shrub 
m ~1. % 
.2 6 
1.9 58 
.3 9 
.1 3 
.8 24 
Sa,eling Counts 
1 2 3 Ave. 
1 4 1.67 
12 2 4.67 
1 1 .66 
1 .33 
1 .33 
2 1 1 
SaEling Counts 
1 2 3 Ave. 
29 16 2 15.67 
1 .33 
24 8 
48 6 7 20.33 
16 94 197 102.33 
4 1.33 
44 5 13 20.67 
23 1 8 
333 
Plot 40 
SEecies - Trees 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus nigra 
Fraxinus sp. 
Juglans cinerea 
Juglans nigra 
Juniperus virginiana 
Ostrya virginiana 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus americana 
Ulmus rubra 
TOTAL 
SEecies - Shrubs 
Prunus virginiana 
Ribes missouriensis 
Rubus sp. 
Smilax hispida 
Toxicodendron radicans 
Zanthoxylum americanum 
TOTAL 
No. 
4 
4 
8 
2 
7 
1 
2 
52 
4 
13 
6 
2 
4 
4 
113 
No. 
ReI. 
Dens. 
.04 
.04 
.07 
.02 
.06 
.01 
.02 
.46 
.04 
.12 
.05 
.02 
.04 
.04 
ReI. 
Dens. 
Basal 
Area 
1825 
66 
2519 
591 
119 
962 
173 
1090 
3796 
7651 
6530 
64 
1317 
82 
26783 
Basal 
Area 
ReI. 
Basal 
.07 
.002 
.09 
.02 
.004 
.04 
.01 
.04 
.14 
.29 
.24 
.002 
.05 
.003 
ReI. 
Basal 
334 
Plot 40 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~l. % m ~1. % 1 2 3 Ave. 
1.5 4 4.5 7 11 9 14 11.33 
7 2.33 
1 .33 
3.2 5 4 7 3.67 
5.4 8 
1 2 1 
2 .66 
3.5 51 71 42 51 54.67 
7.0 10 
4.6 7 
27.7 40 1.6 23 35 23 8 22 
1 .33 
4.9 12 6.2 9 .5 7 1 3 1.33 
25.2 60 12 1 2 5 
2.2 3 3 3 2 
10.4 25 3.6 5 
4.8 7 .5 7 66 8 23 32.33 
42.0 69.2 6.9 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ---"ReI. % m ReI. % 1 2 3 Ave. 
1 1 .66 
2 1.33 
4 5 28 12.33 
.2 3 12 3 4 6.33 
.3 4 24 1 8.33 
.3 4 16 5 2 7.67 
335 
Plot 41 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus americana 
Fraxinus nigra 
Fraxinus sp. 
Juniperus virginiana 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Ribes missouriensis 
Ribes sp. 
Rubus sp. 
Toxicodendron radicans 
Zanthoxylum americanum 
TOTAL 
No. 
4 
8 
5 
5 
1 
42 
4 
35 
5 
109 
No. 
ReI. 
Dens. 
.04 
.07 
.05 
.05 
.01 
.39 
.04 
.32 
.05 
ReI. 
Dens. 
Basal 
Area 
135 
355 
2502 
1927 
201 
1968 
5303 
15806 
400 
28595 
Basal 
Area 
ReI. 
Basal 
.005 
.01 
.09 
.07 
.01 
.07 
.19 
.55 
.01 
ReI. 
Basal 
336 
Plot 41 
Line Interce,Et Cover 
Canopy Under Shrub Sa,Eling Counts 
m ReI. % m ~1. % m ~1. % 1 2 3 Ave. 
.6 1 2 5 3 3.3 
7.3 13 1.2 26 3 13 14 10 
1 .33 
15.7 20 
1 .33 
30 44 37 37 
19.3 25 .1 2 2 1.33 
1.6 3 1.1 23 
1 .33 
3.2 4 45.1 81 2.1 45 35 83 66 61.38 
1 .33 
4.1 5 3 3 2 
33.5 43 1.4 3 27 10 12.33 
2.4 3 2 6 1 3 
78.2 56.0 4.7 
Line Interce,Et Cover 
Cano,E~ Under Shrub Sa,Eling Counts 
m ReI. % m ~1.% m --"ReI. % 1 2 3 Ave. 
1 .33 
.1 2 
.1 2 3 3 2 
7 1 2.67 
3 3 2 
337 
Plot 42 
SEecies - Trees 
Acer nigrum 
Ame1anchier arborea 
Crataegus sp. 
Fraxinus sp. 
Juglans nigra 
Ostrya virginiana 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus americana 
Ulmus rubra 
Ulmus sp. 
TOTAL 
SEecies - Shrubs 
Euonymus atropurpureus 
Prunus virginiana 
Ribes missouriensis 
Smilax hispida 
Staphylea trifolia 
Viburnum sp. 
Zanthoxylum americanum 
TOTAL 
No. 
7 
4 
3 
23 
~19 
10 
3 
1 
69 
No. 
ReI. 
Dens. 
.10 
.06 
.04 
.33 
.26 
.14 
.04 
.01 
ReI. 
Dens. 
Basal 
Area 
3333 
39 
2306 
423 
7475 
8963 
623 
133 
23294 
Basal 
Area 
ReI. 
Basal 
.14 
.002 
.10 
.02 
.32 
.38 
.03 
.01 
ReI. 
Basal 
338 
Plot 42 
Line Interce:et Cover 
Cano:er Under Shrub Sa:eling Counts 
m ReI. % m ~l.% m ReI. % 1 2 3 Ave. 
12.7 22 .2 3 7 6 6 6.33 
.8 12 2 12 17 10.33 
3 1 
3.3 6 .1 .4 .8 12 35 10 42 29 
1 
23.9 92 3.2 46 26 45 72 47.67 
1 .33 
15 27 
25.6 45 2 3 11 5.3 
7 2.33 
.4 6 
2.1 8 1.2 17 38 72 107 72.33 
56.6 26.1 6.9 
Line Interce:et Cover 
Cano:e¥: Under Shrub Sa:eling Counts 
m ReI. % m ~I. % m ReI. % 1 2 3 Ave. 
1 .33 
3 1 
.3 4 1 .33 
5 1.67 
7 2.33 
3 1 
1 11 2 4.67 
339 
Plot 43 
Species - Trees 
Fraxinus sp. 
Gleiditisia triacanthos 
Juglans nigra 
Populus deltoides 
Salix interior 
Salix nigra 
Ulmus americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Lonicera sp. 
Rhus glabra 
Rubus sp. 
TOTAL 
No. 
27 
4 
18 
75 
106 
1 
231 
No. 
ReI. 
Dens. 
.12 
.02 
.OS 
.32 
.46 
.004 
ReI. 
Dens. 
Basal 
Area 
971 
45 
71S 
875 
1365 
3S 
4012 
Basal 
Area 
ReI. 
Basal 
.24 
.01 
.1S 
.22 
.34 
.01 
ReI. 
Basal 
340 
Plot 43 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1. % m ~1. % 1 2 3 Ave. 
5 1.67 
8.4 100 2 1 1 
2 .67 
1.8 4 3 14 5.67 
16.7 38 63 91 54 69.33 
25.4 58 18 58 104 60 
8 14 7.33 
8.4 43.9 .2 
Line InterceEt Cover 
CanoE¥ Under Shrub SaEling Counts 
m ReI. % m ~1. % m ~l. % 1 2 3 Ave. 
1 .33 
3 1 
.2 100 3 1 
341 
Plot 44 
Species - Trees 
Acer nigrum 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus nigra 
Fraxinus sp. 
Gleiditisia triacanthos 
Juglans cinerea 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus americana 
Ulmus sp. 
TOTAL 
Species - Shrubs 
Berberis thurbergii 
Cornus drummondii 
Corylus americana 
Prunus virginiana 
Ribes missouriensis 
Rosa asicularis 
Rubus sp. 
Sambucus canadensis 
Smilax hispida 
Toxicodendron radicans 
Zanthoxylum americanum 
TOTAL 
No. 
21 
18 
1 
6 
7 
11 
2 
39 
7 
2 
1 
9 
23 
21 
168 
No. 
ReI. 
Dens. 
.13 
.11 
.01 
.04 
.04 
.07 
.01 
.23 
.04 
.01 
.01 
.05 
.14 
.13 
ReI. 
Dens. 
Basal 
Area 
852 
507 
133 
168 
206 
2114 
128 
7174 
220 
36 
10 
842 
1563 
3982 
17935 
Basal 
Area 
Rel. 
Basal 
.05 
.03 
.01 
.01 
.01 
.12 
.01 
.40 
.01 
.002 
.001 
.05 
.09 
.22 
ReI. 
Basal 
342 
Plot 44 
Line Interce;et Cover 
Cano;ey Under Shrub Sa;eling Counts 
m ReI. % m ~l.% m Rel. % I 2 3 Ave. 
3.3 6 19.7 29 .2 10 5 4 9 6 
7.6 !'I 11 5 22 4 10.33 
9.5 14 14 10 8 
2.2 3 5 1 1 2.33 
5.1 9 3.2 5 .3 15 32 18 8 19.33 
12.1 20 9.6 14 
2.5 4 3 2 1.67 
I .33 
2.7 5 4.4 6 1 2 1 
8.6 14 1.2 2 6 3 7 5.33 
28.2 47 8.5 12 1.1 55 
78 69 20 55.67 
60.0 68.4 2.0 
Line Interce;et Cover 
Cano;e~ Under Shrub Sa;eling Counts 
m ReI. % m ~l. % m --"ReI. % 1 2 3 Ave. 
8 2.67 
3 1 
1 .33 
1 .33 
2 2 7 3.67 
2 .67 
.2 10 13 43 7 21 
2 .67 
14 2 5.33 
.1 5 1 14 5 
.1 5 5 7 4 
343 
Plot 45 
Species - Trees 
Acer nigrum 
Amelanchier arborea 
Carya cordiformis 
Carya ovata 
Fraxinus americana 
Fraxinus nigra 
Fraxinus sp. 
Juglans cinerea 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus rubra 
TOTAL 
Species - Shrubs 
Cornus drummondii 
Prunus virginiana 
Ribes missouriensis 
Rubus sp. 
Zanthoxylum americanum 
TOTAL 
No. 
3 
3 
126 
26 
1 
2 
181 
No. 
ReI. 
Dens. 
.02 
.02 
.78 
.16 
.01 
.01 
ReI. 
Dens. 
Basal 
Area 
1694 
45 
3151 
27519 
1336 
149 
33894 
Basal 
Area 
ReI. 
Basal 
.05 
.001 
.09 
.81 
.04 
.004 
ReI. 
Basal 
344 
Plot 45 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1.% m ReI. % 1 2 3 Ave. 
3 4 2.33 
2 .67 
1 3 3 2.33 
1.3 3 
1 .33 
3.3 7 1.6 64 81 47 54 60.67 
1 .33 
44.4 93 .5 20 9 28 30 22.33 
47.3 95 1 .33 
1.4 3 1 .33 
2 1 4 2.33 
.4 16 4 37 44 28.33 
50.0 47.7 2.5 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
~1. % --m ReI. % m m ReI. % 1 2 3 Ave. 
1 2 1 
1 2 1 
7 6 4 5.67 
1 .33 
3 1 
345 
Plot 46 
Species - Trees 
Acer negundo 
Acer nigrum 
Amelanchier arborea 
Carpinus caroliniana 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Crataegus sp. 
Fraxinus nigra 
Fraxinus sp. 
Ostrya virginiana 
Quercus alba 
Quercus mueh1enbergii 
Quercus rubra 
Tilia americana 
Ulmus sp. 
TOTAL 
Species - Shrubs 
Cornus drummondii 
Corylus americana 
Ribes missouriensis 
Rubus sp. 
Toxicodendron radicans 
Zanthoxylum americanum 
TOTAL 
No. 
13 
1 
1 
7 
5 
4 
53 
3 
9 
1 
97 
No. 
ReI. 
Dens. 
.13 
.01 
.01 
.07 
.05 
.04 
.55 
.03 
.09 
.01 
ReI. 
Dens. 
Basal 
Area 
4724 
7 
10 
3854 
3218 
2444 
1290 
5120 
5372 
894 
26934 
Basal 
Area 
ReI. 
Basal 
.18 
.0003 
.0004 
.14 
.12 
.09 
.05 
.19 
.20 
.03 
ReI. 
Basal 
346 
Plot 46 
Line Intercept Cover 
--Canopy Under Shrub SaEling Counts 
m ReI. % m ~l.% m ~l. % 1 2 3 Ave. 
1 .33 
9.4 15 11.6 26 14 25 13 
.7 9 4 3 2.33 
2.6 6 .2 3 14 8 4 8.67 
2.2 3 .2 3 16 19 4 13 
1 2 
.5 7 3 1 1 1.67 
3 2 1 2 
12.9 20 5 20 4 9.67 
4.9 11 2.0 27 29 73 78 60 
20.9 47 .1 1 2 17 7 8.67 
17 .8 28 .1 .2 10 6 5.33 
6 2 
7 1 2.67 
18.2 29 1.5 3 1.5 20 24 7 10.33 
1.7 3 .8 2 1.4 19 43 44 8 31.67 
63.2 44.6 7.4 
Line InterceEt Cover 
Cano:e~ Under Shrub Sa:eling Counts 
m ReI. % m ~1. % m ReI. % 1 2 3 Ave. 
1 1 .67 
2.2 .1 1 1 2 1 
.3 4 7 11 6 
.4 6 
9 2 3.67 
1 .33 
347 
Plot 47 
Species - Trees 
Acer negundo 
Acer nigrum 
Amelanchier arborea 
Carya cordiformis 
Carya ovata 
Celtis occidentalis 
Fraxinus americana 
Fraxinus sp. 
Juglans cinerea 
Juniperus virginiana 
Morus sp. 
Ostrya virginiana 
Prunus serotina 
Pyrus communis 
Quercus alba 
Quercus rubra 
Tilia americana 
Ulmus americana 
Ulmus sp. 
TOTAL 
Species - Shrubs 
Ribes missouriensis 
Ribes sp. 
Rosa multiflora 
Rubus sp. 
Smilax hispida 
Symphoricarpus orbiculatus 
Toxicodendron radicans 
Vitis riparia 
Zanthoxylum americanum 
TOTAL 
No. 
11 
3 
5 
1 
23 
2 
6 
4 
1 
56 
No. 
ReI. 
Dens. 
.20 
.05 
.09 
.02 
.41 
.04 
.11 
.07 
.02 
ReI. 
Dens. 
Basal 
Area 
398 
54 
896 
234 
1890 
147 
169 
9758 
7 
13553 
Basal 
Area 
ReI. 
Basal 
.03 
.004 
.07 
.02 
.14 
.01 
.01 
.72 
.001 
ReI. 
Basal 
348 
Plot 47 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1.% m ReI. % 1 2 3 Ave. 
1 1 .67 
2.4 14 99 127 11 79 
3 1 
.3 2 
6.6 11 3 12 3 6 
.6 4 17 7 11 11.67 
9.6 16 4.1 24 
25 54 107 62 
12.9 22 1.5 50 1 3 1 1.67 
1 .33 
1 1 .67 
1.3 8 6 4 3.33 
2 .67 
29.6 50 .8 5 3 67 2 24 
1 1 1 1 
1 .33 
1.3 8 10 19 30 19.67 
58.7 3.0 17.0 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
-"ReI. % --m ReI. % m m ReI. % 1 2 3 Ave. 
10 11 46 22.33 
.2 1 
2.6 15 46 42 39 42.33 
.6 4 56 9 68 44.33 
14 2 5.33 
29 9.67 
.9 5 11 36 4 17 
14 8 3 8.33 
1.5 50 1.9 11 17 16 16 16.33 
349 
Plot 48 
Species - Trees 
Acer negundo 
Carya ovata 
Crataegus sp. 
Fraxinus sp. 
Gleiditisia triacanthos 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus muehlenbergii 
Quercus rubra 
Tilia americana 
Ulmus americana 
TOTAL 
Species - Shrubs 
Cornus drummondii 
Corylus americana 
Lonicera sp. 
Prunus virginiana 
Rhus glabra 
Ribes sp. 
Rosa multiflora 
Rubus sp. 
Toxicodendron radicans 
Vitis sp. 
Zanthoxylum americanum 
TOTAL 
No. 
I 
3 
3 
2 
I 
65 
No. 
I 
54 
ReI. 
Dens. 
.02 
.05 
.05 
.03 
.02 
ReI. 
Dens. 
.02 
.83 
Basal 
Area 
47 
233 
1466 
658 
16 
3024 
Basal 
Area 
57 
548 
ReI. 
Basal 
.02 
.08 
.49 
.22 
.01 
ReI. 
Basal 
.02 
.18 
350 
Plot 48 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~l.% m ~l. % 1 2 3 Ave. 
13 6 9.5 
5 5 5 
1 5 
.1 3 9 28 18.5 
4.9 100 
1 .5 
3 10 6.5 
18 1 9.5 
3 1.5 
8 1 4.5 
2 1 1.5 
3 2 2.5 
Line InterceEt Cover 
--CanoEY Under Shrub SaEling Counts 
~l.% --m Rel. % m m Rel. % 1 2 3 Ave. 
3 1.5 
3.5 24 2.7 69 123 426 274.5 
1 10 5.5 
.8 21 
10.8 76 60 46 53 
4 2 
1 .5 
.1 3 54 24 39 
.2 5 7 1 4 
5 3 4 
16 8 
4.9 14.3 3.9 
351 
Plot 49 
SEecies - Trees 
Acer negundo 
Cercis candensis 
Fraxinus nigra 
Gleiditisia triacanthos 
Juglans nigra 
Prunus serotina 
Quercus rubra 
Ulmus rubra 
TOTAL 
SEecies - Shrubs 
Cornus drummondii 
Euonymus atropurpureus 
Prunus virginiana 
Rhus glabra 
Ribes cynosbati 
Ribes missouriensis 
Rosa sp. 
Rubus sp. 
Sambucus canadensis 
Symphoricarpus orbiculatus 
Vitis sp. 
TOTAL 
No. 
8 
11 
5 
11 
12 
3 
70 
No. 
6 
1 
13 
ReI. 
Dens. 
.11 
.16 
.07 
.16 
.17 
.04 
Rel. 
Dens. 
.09 
.01 
.19 
Basal 
Area 
282 
253 
170 
4984 
540 
163 
6617 
Basal 
Area 
72 
18 
135 
ReI. 
Basal 
.04 
.04 
.03 
.75 
.08 
.02 
ReI. 
Basal 
.01 
.003 
.02 
352 
Plot 49 
Line Intercept Cover 
--Canopy Under Shrub SaEling Counts 
m ReI. % m ReI. % m ReI. % 1 2 3 Ave. 
2.4 12 3 6 3 
4.2 39 .1 2 5 1.67 
15.4 75 
2.7 13 
1 .33 
2.7 25 1 .33 
1 .33 
20.5 10.8 5.3 
Line InterceEt Cover 
CanoE::i Under Shrub SaEling Counts 
m ReI. % m -reI. % m ~1. % 1 2 3 Ave. 
.2 2 1.0 19 62 4 22 
2 .67 
1.33 
3.7 34 .8 15 21 78 14 37.67 
.1 2 
79 26.33 
1 .33 
2.2 42 24 70 288 127.33 
2 .67 
1.1 21 197 65.67 
3 1 
353 
Plot 50 
SEecies - Trees 
Acer nigrum 
Amelanchier arborea 
Carya cordiformis 
Celtis occidentalis 
Cercis candensis 
Fraxinus nigra 
Fraxinus sp. 
Juniperus virginiana 
Ostrya virginiana 
Prunus serotina 
Quercus alba 
Quercus macrocarpa 
Quercus rubra 
Tilia americana 
Ulmus americana 
Ulmus sp. 
TOTAL 
SEecies - Shrubs 
Cornus drummondii 
Cornus sp. 
Lonicera dioica 
Prunus sp. 
Ribes missouriensis 
Staphylea trifolia 
Toxicodendron radicans 
Viburnum rafinesquianum 
Vitis sp. 
Zanthoxylum americanum 
TOTAL 
No. 
3 
2 
3 
1 
1 
4 
2 
79 
2 
1 
26 
20 
28 
172 
No. 
ReI. 
Dens. 
.02 
.01 
.02 
.01 
.01 
.02 
.01 
.46 
.01 
.01 
.15 
.12 
.16 
ReI. 
Dens. 
Basal 
Area 
40 
15 
1118 
11 
604 
50 
626 
4525 
217 
1060 
4411 
7007 
3257 
22941 
Basal 
Area 
ReI. 
Basal 
.002 
.001 
.05 
.0005 
.03 
.002 
.03 
.20 
.01 
.05 
.19 
.31 
.14 
ReI. 
Basal 
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Plot 50 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1.% m ~1. % 1 2 3 Ave. 
3.2 6 .6 6 5 5 29 13 
2 11 9 7.33 
10.6 17 .6 6 1 7 3 3.67 
1 .33 
1.5 3 3.7 37 5 33 68 35.33 
4.4 7 1 .33 
2.5 4 39.9 81 .7 7 38 8 4 16.67 
3.1 5 
1 1 .67 
5 1.67 
30.7 49 3.1 6 1.4 14 8 18 8.67 
4.8 8 8 7 5 
7.1 11 10 3.33 
63.2 49.4 9.9 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
~l.% --m ReI. % m m ReI. % 1 2 3 Ave. 
.6 1 .4 4 4 4 2.67 
1 .33 
2 .67 
1.1 2 .1 1 59 41 4 34.67 
8 3 4 5 
2 .67 
1 1 .67 
2.4 24 44 27 1 24 
1 .33 
1 1 5 2.33 
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Plot 51 
Species - Trees 
Acer negundo 
Acer nigrum 
Carya cordiformis 
Celtis occidentalis 
Fraxinus sp. 
Gleiditisia triacanthos 
Gymnoc1adus dioica 
Jug1ans cinerea 
Juglans nigra 
Ostrya virginiana 
Prunus serotina 
Pyrus communis 
Quercus alba 
Quercus macrocarpa 
Quercus rubra 
Tilia americana 
Ulmus americana 
Ulmus sp. 
TOTAL 
'" 
Species - Shrubs 
Cornus drummondii 
Prunus virginiana 
Ribes missouriensis 
Rubus sp. 
Staphylea trifolia 
Toxicodendron radicans 
Zanthoxylum americanum 
TOTAL 
No. 
60 
14 
4 
11 
3 
2 
2 
2 
67 
3 
2 
14 
38 
7 
238 
No. 
9 
Rel. 
Dens. 
.25 
.06 
.02 
.05 
.01 
.01 
.01 
.01 
.28 
.01 
.01 
.06 
.16 
.03 
Rel. 
Dens. 
.04 
Basal 
Area 
1486 
911 
996 
1308 
805 
456 
570 
1026 
2765 
668 
37 
1703 
3544 
1642 
18074 
Basal 
Area 
157 
Rel. 
Basal 
.08 
.05 
.06 
.07 
.04 
.03 
.03 
.06 
.15 
.04 
.002 
.09 
.20 
.09 
ReI. 
Basal 
.01 
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Plot 51 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m ReI. % m ~1.% m ReI. % 1 2 3 Ave. 
.9 2 .1 4 7 2.33 
2.3 4 20.2 34 .3 11 11 33 3 15.67 
15.2 26 4.4 7 4 4 2.67 
1 .33 
3.6 6 
3.7 6 
7.1 12 
4.5 8 26 44 18 9 24 17 
1 .33 
1 .33 
.4 1 1 .33 
13.7 23 .6 1 2 .67 
4.5 8 4.3 7 9 2 4 5 
3.9 7 .8 1 
1 1 .67 
58.9 59.6 2.8 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ~I. % m ~1. % 1 2 3 Ave. 
2.4 4 2 2 46 16.67 
1 1 .67 
2.4 86 79 8 52 46.33 
3 5 2.67 
1 .33 
90 77 55.67 
1 1 .67 
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Plot 52 
SEecies - Trees 
Carya cordiformis 
Crataegus sp. 
Fraxinus sp. 
Gleiditisia triacanthos 
Prunus serotina 
Quercus rubra 
Ulmus americana 
Ulmus sp. 
TOTAL 
SEecies - Shrubs 
Cornus sp. 
Corylus americana 
Lonicera tartarica 
Rhus glabra 
Rosa sp. 
Rubus sp. 
Toxicodendron radicans 
Vitis riparia 
Zanthoxylum americanum 
TOTAL 
No. 
17 
1 
6 
40 
65 
No. 
1 
ReI. 
Dens. 
.26 
.02 
.09 
.62 
ReI. 
Dens. 
.02 
Basal 
Area 
387 
13 
258 
2167 
2831 
Basal 
Area 
7 
ReI. 
Basal 
.14 
.004 
.09 
.77 
ReI. 
Basal 
.002 
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Plot 52 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m Rel. % m ~l. % m ~1. % I 2 3 Ave. 
1 .5 
2 1 1.5 
3.4 25 7 4 5.5 
2.1 15 1 .5 
.5 16 2 1 
2 1 
.2 6 1 1 1 
3.1 23 9 7 8 
13.7 3.2 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m ReI. % m ~1.% m --reI. % 1 2 3 Ave. 
2 1 
6 3 
6 5 5.5 
5.1 37 .5 16 24 56 40 
18 9 
20 63 58 87 72.5 
68 27 47.5 
2 1 
1 .5 
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Plot 53 
Species - Trees 
Acer negundo 
Acer nigrum 
Celtis occidentalis 
Cornus sp. 
Fraxinus nigra 
Juglans cinerea 
Juglans nigra 
Tilia americana 
Ulmus americana 
Ulmus sp. 
TOTAL 
Species - Trees 
Euonymus atropurpureus 
Rubus sp. 
Sambucus canadensis 
Smilax hispida 
Toxicodendron radicans 
Vitis riparia 
TOTAL 
No. 
3 
6 
8 
11 
2 
2 
1 
7 
40 
No. 
ReI. 
Dens. 
.08 
.15 
.20 
.28 
.05 
.05 
.03 
.18 
ReI. 
Dens. 
Basal 
Area 
101 
379 
118 
659 
1069 
861 
13 
650 
3850 
Basal 
Area 
ReI. 
Basal 
.03 
.10 
.03 
.17 
.28 
.22 
.003 
.17 
ReI. 
Basal 
360 
Plot 53 
Line InterceEt Cover 
CanoEY Under Shrub SaEling Counts 
m Re1. % m ~1.% m ~1. % 1 2 3 Ave. 
3 1.5 
.3 1 4 1 2.5 
4.9 23 6 3 
11.2 52 1.7 17 8 12.5 
1.8 8 3 3 3 
7.2 39 
11.1 61 
3.1 14 
1 2 1.5 
18.3 21. 7 
Line InterceEt Cover 
CanoE~ Under Shrub SaEling Counts 
m Re1. % m ~l. % m ~1. % 1 2 3 Ave. 
1 5 3 
1 .5 
.4 .4 2 15 7.5 
1 .5 
6 1 3.5 
4 2 
APPENDIX C: 
361 
COMPILED DATA - HERBACEOUS SPECIES 
1st line = Average Percent Cover 
2nd line = Frequency 
362 
Herbaceous Microplot Summary 
(1st line = average % cover, 2nd line = frequency) 
Stands 
Species 1 2 3 4 5 7 
Acalypra rhomboidea .06 .06 
.08 .08 
Acer negundo .02 
.04 
Acer nigrum .08 
.04 
Actea alba 
Adiantum pedatum .32 3.96 
.04 .28 
Agrimonia pubescens .04 
.04 
Amelanchier arborea .06 .06 .16 .2 .02 .08 
.04 .08 .08 .08 .04 .04 
Amphicarpa bracteata .14 .94 1.94 .74 .2 .66 
.20 .68 .32 .32 .2 .56 
Antennaria sp. 
Apocynum cannabinum .12 
.04 
Aralia racemosa 
Aralia sp. 
Arisaema triphyllum .02 
.04 
Asarum canadense .26 .34 
.08 .4 
Aster cordifius .34 .12 .2 .02 .02 
.32 .08 .2 .04 .04 
Aster sp. .26 .24 .02 
.12 .12 .04 
Botyrichium virginianum 
Brachyelytrum erectum 
Bromus sp. .08 
.08 
Campanula americana 
363 
Stands 
Species 8 9 10 11 12 14 
Aca1ypra rhomboidea .10 
.12 
Acer negundo 
Acer nigrum .14 .10 .24 .04 
.08 .12 .08 .04 
Actea alba 
Adiantum pedatum 1.2 
.08 
Agrimonia pubescens .08 
.04 
Ame1anchier arborea .04 .04 .08 .28 
.04 .04 .04 .2 
Amphicarpa bracteata .40 .02 .02 .8 1.52 4.92 
.24 .04 .04 .28 .64 .92 
Antenna ria sp. 
Apocynum cannabinum 
Aralia racemosa 
Aralia sp. 
Arisaema triphy11um .04 
.04 
Asarum canadense .10 3.20 
.16 .64 
Aster cordifius .34 .12 1.38 .28 .52 
.32 .12 .52 .32 .44 
Aster sp. .04 
.04 
Botyrichium virginianum .16 .20 
.08 .08 
Brachye1ytrum erectum .7 .48 
.24 .08 
Bromus sp. .08 
.04 
Campanu1a americana 
364 
Stands 
Species 15 16 17 18 19 24 
Acalypra rhomboidea .02 
.04 
Acer negundo 
Acer nigrum .12 .12 .36 .46 .06 
.12 .20 .40 .40 .08 
Actea alba .24 .04 
.04 .04 
Adiantum pedatum 2.68 2.22 .46 .24 
.12 .2 .24 .08 
Agrimonia pubescens 
Amelanchier arborea .1 .22 .12 .12 .08 
.12 .12 .08 .08 .12 
Amphicarpa bracteata 5.52 1.20 .66 .2 .24 1.12 
.96 .64 .36 .32 .24 .52 
Antennaria sp. .2 .02 .04 
.04 .04 .04 
Apocynum cannabinum 
Aralia racemosa .82 
.20 
Aralia sp. .12 .40 
.04 .12 
Arisaema tripbyl1um .04 
.04 
Asarum canadense 3.0 .02 3.08 1.54 
.16 .04 .4 .52 
Aster cordifius .5 .16 .3 .46 .52 .44 
.52 .16 .2 .4 .48 .32 
Aster sp. 
Botyrichium virginianum 
Brachyelytrum erectum .74 
.2 
Bromus sp. .8 
.24 
Campanula americana 
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Stands 
Species 25 26 27 28 29 30 53 
Aca1ypra rhomboidea .04 
.08 
Acer negundo 
Acer nigrum .04 .02 .04 .02 
.04 .04 .04 .04 
Actea alba 
Adiantum pedatum 
Agrimonia pubescens .16 
.16 
Amelanchier arborea .06 .08 .02 
.12 .04 .04 
Amphicarpa bracteata .04 .08 2.70 5.96 .04 5.84 .17 
.08 .12 .72 .88 .08 .68 .08 
Antennaria sp. 
Apocynum cannabinum 
Aralia racemosa 
Aralia sp. 
Arisaema triphyllum .06 .04 
.08 .08 
Asarum canadense .02 11.72 
.04 .56 
Aster cordifius .10 .02 .02 
.16 .04 .04 
Aster sp. 1.0 .16 .04 1.33 
.44 .16 .04 .33 
Botyrichium virginianum .04 .16 .20 
.08 .08 .04 
Brachye1ytrwn erectwn 1.96 1.4 
.16 .40 
Bromus sp. .12 .14 
.08 .12 
Campanu1a americana .04 
.04 
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Herbaceous Microplot Summary 
(1st line = average % cover, 2nd line = frequency) 
Stands 
Species 1 2 3 4 5 7 
Celastrus scandens .4 
.04 
Celtis occidenta1is .04 
.04 
Chenopodium sp. .06 .06 
.08 .08 
Circaea quadrisu1cata 
Cirsium spp. .02 
.04 
Cornus spp. .04 .08 
.04 .04 
Corylus americana 
Crataegus spp. 
Crytotaenia canadensis .04 .02 
.08 .04 
Cystopteris spp. .14 .02 
.28 .04 
Desmodium glutinosum .80 5.68 .12 2.76 .34 .24 
.36 .56 .04 .36 .2 .04 
Dirca palustris .04 
.04 
Elymus villosus .56 
.16 
Equisetum hymale 
Euonymous atropurpurea 
Eupatorium rugosum .8 .02 
.32 .04 
Euphorbia serpyl1ifolia .1 
.08 
Fragaria virginiana 
Fraxinus spp. .30 .18 .16 .24 .10 
.28 .12 .12 .20 .16 
Galium boreale 
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Stands 
Species 8 9 10 11 12 14 
Ce1astrus scandens 
Celtis occidenta1is .06 .04 
.08 .04 
Chenopodium sp. .52 .06 
.08 .12 
Circaea quadrisulcata 
Cirsium spp. 
Cornus spp. .14 .10 
.12 .12 
Cory1us americana 
Crataegus spp. .04 .06 
.04 .08 
Crytotaenia canadensis 
Cystopteris spp. .52 .02 
.36 .04 
Desmodium glutinosum .08 .04 2.76 .20 2.6 
.04 .04 .52 .16 .56 
Dirca palustris 
Elymus villosus 
"" Equisetum hymale 
Euonymous atropurpurea .02 .06 
.04 .12 
Eupatorium rugosum 
Euphorbia serpyl1ifolia 
Fragaria virginiana 
Fraxinus spp. .10 .10 
.20 .16 
Galium boreale .12 
.04 
368 
Stands 
Species 15 16 17 18 19 24 
Celastrus scandens .1 
.2 
Celtis occidentalis .06 
.08 
Chenopodium sp. 
Circaea quadrisulcata 
Cirsium spp. 
Cornus spp. .10 .04 .14 
.12 .04 .08 
Cory Ius americana .04 .02 
.04 .04 
Crataegus spp. 
Crytotaenia canadensis .06 
.12 
Cystopteris spp. .04 
.04 
Desmodium glutinosum 2.8 3.94 1.04 .86 1.24 
.52 .6 .24 .4 .16 
Dirca palustris 
E1ymus villosus 
Equisetum hymale 
Euonymous atropurpurea .06 .02 
.12 .04 
Eupatorium rugosum .06 .30 .04 
.08 .24 
Euphorbia serpyllifolia 
Fragaria virginiana .08 
.08 
Fraxinus spp. .04 .10 .04 .14 .10 
.08 .08 .04 .20 .12 
Galium boreale .04 .04 
.04 .04 
369 
Stands 
Species 25 26 27 28 29 30 53 
Celastrus scandens 
Celtis occidental is .10 .02 .02 .02 .06 
.16 .04 .04 .04 .08 
Chenopodium sp. 
Circaea quadrisulcata .2 
.04 
Cirsium spp. 
Cornus spp. .16 
.12 
Corylus americana .02 .02 
.04 .02 
Crataegus spp. .08 
.12 
Crytotaenia canadensis 
Cystopteris spp. 
Desmodium glutinosum .26 2.12 1.54 .02 2.5 
.36 .32 .44 .04 .6 
Dirca palustris 
Elymus villosus 4.58 
.5 
Equisetum hymale 3.17 
.92 
Euonymous atropurpurea .02 
.04 
Eupatorium rugosum .04 26.25 
.04 .75 
Euphorbia serpyllifolia 
Fragaria virginiana .12 
.04 
Fraxinus spp. .10 .10 .26 .02 .08 
.20 .20 .44 .04 .08 
Galium boreale 
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Herbaceous Microp1ot Summary 
(1st line = average % cover, 2nd line = frequency) 
Stands 
Species 1 2 3 4 5 7 
Galium circaezans .16 .06 .16 
.16 .08 .20 
Galium trifolium .08 .36 .08 
.08 .20 .04 
Geranium macu1atum 
Geum canadense 
G1echoma hederacea 
Helianthus tuberosus .36 .04 
.04 .04 
Helianthus spp. .36 
.04 
Hepaticaacuti10ba 1.96 1.18 
.64 .76 
Hydrophy11um virginianum .20 .08 
.28 .12 
Hystrix patu1a .28 .08 .08 .20 
.2 .04 .04 .08 
Impatiens ba1samea 
Juniperus virginiana .02 
.04 
Laportea canadensis 
Menispermum canadensis 
Mite11a diphy11a .62 .02 
.4 .04 
Muh1enbergia mexicana 1.14 
.48 
Oryzopsis racemosa 
Osmorhiza clay toni .24 1.88 .52 
.28 .96 .68 
Ostrya virginiana .28 .04 .16 
.24 .04 .16 
Oxalis spp. .04 .02 
.04 .04 
371 
Stands 
Species 8 9 10 11 12 14 
Galium circaezans .2 .16 .08 .02 
.08 .04 .08 .04 
Galium trifolium 1.62 .16 .34 .16 
.6 .08 .20 .12 
Geranium maculatum .10 .20 
.08 .08 
Geum canadense .06 
.08 
Glechoma hederacea .02 .02 
.04 .04 
Helianthus tuberosus .22 .28 
.12 .24 
Helianthus spp. .04 .32 
.04 .08 
Hepatica acutiloba .02 1. 76 
.04 .8 
Hydrophyllum virginianum .04 .70 .94 .14 
.08 .40 .28 .12 
Hystrix patula .52 .02 .36 
.2 .04 .36 
Impatiens balsamea 
Juniperus virginiana 
Laportea canadensis 
Menispermum canadensis .16 .24 .76 
.08 .08 .28 
Mitel1a diphylla .16 .06 .04 
.24 .08 .08 
Muh1enbergia mexicana .08 1.0 
.04 .08 
Oryzopsis racemosa 
Osmorhiza c1aytoni .12 .06 .2 
.16 .12 .36 
Ostrya virginiana .14 .02 
.12 .04 
Oxalis spp. .24 .02 
.24 .04 
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Stands 
Species 15 16 17 18 19 24 
Galium circaezans .04 
.04 
Galium trifolium .76 3.16 .98 1.08 .16 .04 
.28 .32 .32 .64 .08 .04 
Geranium maculatum .04 .02 .04 .08 
.04 .04 .08 .04 
Geum canadense .02 
.04 
Glechoma hederacea 
Helianthus tuberosus 
Helianthus spp. .08 .22 .86 .34 
.04 .16 .36 .20 
Hepatica acutiloba 5.40 .66 1.2 .56 
.72 .52 .72 .64 
Hydrophyl1um virginianum .02 1.54 .28 .04 .18 
.04 .8 .4 .08 .08 
Hystrix patula 
Impatiens balsamea .04 
.08 
Juniperus virginiana 
Laportea canadensis 
Menispermum canadensis .04 
.04 
Mitella diphylla .08 .34 
.12 .24 
Muhlenbergia mexicana 1.92 .16 .06 
.44 .04 .08 
Oryzopsis racemosa 
Osmorhiza claytoni .02 .36 .28 1.60 
.04 .28 .12 .40 
Ostrya virginiana .12 .06 .24 .04 .02 
.08 .12 .24 .04 .04 
Oxalis spp. .02 .02 
.08 .04 
373 
Stands 
Species 25 26 27 28 29 30 53 
Galium circaezans .26 .02 .64 .08 
.08 .04 .24 .12 
Galium trifolium .02 .04 1.84 .02 .14 .36 
.04 .04 .52 .08 .12 .12 
Geranium maculatum .02 .12 
.04 .08 
Geum canadense 
Glechoma hederacea .04 .02 .04 9.83 
.08 .04 .08 .83 
Helianthus tuberosus 
Helianthus spp. 1.34 1.64 
.60 .20 
Hepatica acutiloba .02 .20 
.04 .12 
Hydrophyllum virginianum .02 1.36 .04 .18 2.94 23.92 
.04 .68 .04 .24 .92 1.0 
Hystrix patula .20 .98 
.16 .16 
Impatiens balsamea .02 4.42 
.04 .75 
Juniperus virginiana 
Laportea canadensis 2.5 
.08 
Menispermum canadensis .12 .40 .04 
.04 .28 .04 
Mitella diphylla 
Muhlenbergia mexicana .18 3.58 .12 
.08 .48 .04 
Oryzopsis racemosa 
Osmorhiza clay toni .04 .08 .04 .16 .5 .33 
.08 .08 .04 .32 .4 .25 
Ostrya virginiana .02 .04 .24 
.04 .04 .44 
Oxalis spp. 
374 
Herbaceous Microplot Summary 
(1st line = average % cover, 2nd line = frequency) 
Stands 
Species 1 2 3 4 5 7 
Panicum latifolium .12 .98 .16 .18 
.12 .28 .04 .16 
Parthenocissus quinquefolia 8.68 1.46 9.68 .54 3.44 4.26 
1.0 .4 .96 .36 .76 .88 
Pedicularis canadensis 
Phlox divaricata .04 .02 .38 .06 .04 
.08 .04 .52 .08 .08 
Phyrma leptostachya .4 
.2 
Podophyllum pel tatum 
Polygonatum biflorum .02 
.04 
Polygonatum pubescens .44 
.28 
Polygonum scandens 
Prenanthes alba .16 
.16 
Prunus serotina .04 .06 .04 .02 
.04 .08 .04 .04 
Prunus virginiana 
Quercus alba .04 .02 
.04 .04 
Quercus rubra .1 .08 .08 .12 .14 
.16 .08 .08 .08 .24 
Ranunculus recurvatus 
Rhus radicans .04 
.04 
Ribes missouriensis .04 .08 .1 .14 
.04 .04 .12 .12 
Rosa spp. .04 
.04 
Rubus spp. .08 .12 
.04 .14 
Rudbekia subtomentosa 
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Stands 
Species 8 9 10 11 12 14 
Panicum latifolium .26 .88 
.12 .52 
Parthenocissus quinquefolia 9.6 1.52 5.92 13.08 3.98 1.46 
1.0 .64 .92 1.0 .64 .48 
Pedicularis canadensis 
Phlox divaricata .06 .54 .10 .44 .52 
.12 .60 .20 .48 .4 
Phyrma leptostachya .8 .54 
.36 .20 
Podophyllum peltatum 
Polygonatum biflorum .72 
.40 
Polygonatum pubescens .9 .22 
.24 .08 
Polygonum scandens 
Prenanthes alba .12 
.08 
Prunus serotina 
Prunus virginiana 
Quercus alba .12 .02 .02 
.08 .04 .04 
Quercus rubra .04 .18 .20 .08 .06 .16 
.04 .08 .32 .12 .08 .16 
Ranunculus recurvatus 
Rhus radicans .04 
.04 
Ribes missouriensis .28 .24 .42 .08 .02 
.32 .24 .08 .08 .04 
Rosa spp. 
Rubus spp. .04 .02 .10 
.04 .04 .08 
Rudbekia subtomentosa .04 
.04 
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Stands 
Species 15 16 17 18 19 24 
Panicum latifolium .26 .6 .04 
.28 .04 .04 
Parthenocissus quinquefolia 3.56 1. 74 2.74 .48 1.08 .38 
.8 .52 .92 .28 .44 .24 
Pedicularis canadensis .54 
.24 
Phlox divaricata .2 .26 .38 .02 .08 
.36 .40 .52 .04 .12 
Phyrma leptostachya .34 
.12 
Podophyllum pel tatum 
Polygonatum biflorum 
Polygonatum pubescens 
Polygonum scandens 
Prenanthes alba .04 .06 
.08 .12 
Prunus serotina .04 
.04 
Prunus virginiana .04 
.04 
Quercus alba .02 .08 
.04 .04 
Quercus rubra .14 .04 .14 .36 .76 .12 
.20 .04 .24 .36 .48 .08 
Ranunculus recurvatus 
Rhus radicans .04 .18 .06 .04 .22 
.04 .12 .08 .04 .20 
Ribes missouriensis .06 .02 .02 .04 .04 
.08 .04 .04 .08 .04 
Rosa spp. .16 
.04 
Rubus spp. 
Rudbekia subtomentosa 
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Stands 
·Species 25 26 27 28 29 30 53 
Panicum latifolium .24 .04 .08 
.12 .04 .04 
Parthenocissus quinquefolia 2.44 .78 4.84 1.44 .58 1.86 .67 
.68 .32 .80 .80 .48 .72 .26 
Pedicularis canadensis 
Phlox divaricata .06 .28 .08 .26 .24 
.12 .44 .16 .48 .36 
Phyrma leptostachya .06 .04 .74 .02 1.72 
.12 .04 .48 .04 .48 
Podophyllum peltatum 1.0 
.08 
Polygonatum biflorum 
Polygonatum pubescens .06 
.08 
Polygonum scandens .04 
.04 
Prenanthes alba .08 
.12 
Prunus serotina .04 
.04 
Prunus virginiana .06 .26 .02 
.12 .24 .04 
Quercus alba 
Quercus rubra .04 .10 .02 .02 .06 .18 
.04 .20 .04 .04 .08 .12 
Ranunculus recurvatus .12 
.08 
Rhus radicons .02 .02 1.04 .04 .02 .04 .17 
.04 .04 .16 .04 .04 .04 .08 
Ribes missouriensis .08 .08 .02 
.12 .08 .04 
Rosa spp. 
Rubus spp. .02 .04 .04 
.04 .04 .04 
Rudbekia subtomentosa 
378 
Herbaceous Microplot Summary 
(1st line = average % cover, 2nd line = frequency) 
Stands 
Species 1 2 3 4 5 7 
Sanicula sp. .12 .04 2.3 .04 
.04 .08 .84 .04 
Sanquinaria canadensis 1.28 .12 .04 
.44 .04 .04 
Scrophularia 1anceolata 
Silene cucubalus .02 
.04 
Smilacina racemosa .04 
.04 
Smilacina spp. 
Smilax herbacea .28 .08 
.24 .12 
Smilax hispida .04 .04 
.04 .04 
Solidago flexicaulis .22 .10 
.24 .08 
Solidago nemoralis 
Solidago ulmifolia 
Solidago spp. 1.12 .32 .8 .06 1.28 
.64 .12 .4 .08 .52 
Staphylea trifoliata 
Symphoricarpos spp. .04 
.04 
Taraxacum officinale .02 .02 
.04 .04 
Teucrium canadense 
Thalictrum dioicum 1.34 .24 .42 4.3 
.56 .08 .20 .92 
Tilia americana .04 .08 
.08 .08 
Trifolium procumbens 
Triosteum perfoliatum 
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Stands 
Species 8 9 10 11 12 14 
Sanicula sp. .20 .04 3.52 2.68 
.24 .04 .88 .44 
Sanquinaria canadensis 1.0 .46 .32 
.68 .32 .24 
Scrophularia 1anceolata 
Si1ene cucuba1us .04 .06 
.04 .08 
Smilacina racemosa .24 
.16 
Smilacina spp. 
Smilax herbacea .18 .04 .10 .16 
.28 .04 .08 .08 
Smilax hispida .08 .04 
.12 .04 
Solidago flexicaulis .04 1.36 3.42 
.04 .48 .88 
Solidago nemoralis 
Solidago ulmifolia 
Solidago spp. .28 1.54 2.3 1.84 
.12 .48 .4 .24 
Staphylea trifoliata 
Symphoricarpos spp. .02 
.04 
Taraxacum officinale .02 .02 .02 
.04 .04 .04 
Teucrium canadense 
Thalictrum dioicum 1.26 2.4 
.44 .6 
Tilia americana 
Trifolium procumbens 
Triosteum perfoliatum 
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Stands 
Species 15 16 17 18 19 24 
Sanicu1a sp. .3 7.96 .58 .08 .20 
.24 1.0 .36 .12 .28 
Sanquinaria canadensis .04 .44 .30 
.04 .48 .24 
Scrophu1aria lanceolata 
Silene cucubalus .28 .04 .08 .04 
.08 .04 .04 .08 
Smilacina racemosa 
Smilacina spp. .14 .04 .08 1.12 
.12 .04 .12 .56 
Smilax herbacea .02 .26 .02 .12 
.04 .12 .04 .04 
Smilax hispida .02 .08 
.04 .04 
Solidago flexicaulis 2.38 1.14 .34 1.14 1.64 
.68 .44 .2 .68 .76 
Solidago nemora1is 
Solidago u1mifolia 1.62 .36 .12 
.4 .12 .12 
Solidago spp. .78 
.36 
Staphy1ea trifo1iata .02 .06 
.04 .08 
Symphoricarpos spp. 
Taraxacum officinale .06 .02 
.08 .04 
Teucrium canadense 
Tha1ictrum dioicum .04 .26 2.74 2.5 7.78 
.04 .28 .64 .56 .92 
Ti1ia americana .12 .06 
.04 .08 
Trifolium procumbens 
Triosteum perfoliatum 
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Stands 
Species 25 26 27 28 29 30 53 
Sanicula sp. .20 .02 4.58 .16 .62 7.82 6.29 
.26 .04 .8S .24 .52 .96 .S3 
Sanquinaria canadensis .08 .36 
.16 .24 
Scrophularia lanceolata .18 
.24 
Silene cucubalus .08 
.04 
Smilacina racemosa .10 
.OS 
Smilacina spp. .02 .10 .25 
.04 .08 .08 
Smilax herbacea .04 .04 .04 .12 .04 .08 
.OS .08 .04 .24 .OS .12 
Smilax hispida .08 .12 .17 
.04 .20 .08 
Solidago flexicaulis .8 .08 
.36 .08 
Solidago nemoralis .92 
.08 
Solidago ulmifolia 
Solidago spp. .80 .04 .60 1.0 .30 
.36 .04 .20 .28 .16 
Staphylea trifoliata 
Symphoricarpos spp. 
Taraxacum officinale 
Teucrium canadense LOS 
.17 
Thalictrum dioicum .02 .04 
.04 .04 
Tilia americana .02 .02 .02 .02 
.04 .04 .04 .04 
Trifolium procumbens .02 
.04 
Triosteum perfoliatum .12 
.04 
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Herbaceous Microplot Summary 
(1st line = average % cover, 2nd line = frequency) 
Stands 
Species 1 2 3 4 5 7 
Ulmus spp. .22 .26 .02 .06 .12 .34 
.28 .20 .04 .08 .12 .28 
Veronicastrum virginicum 
Viburnum rafinesquianum .02 
.04 
Viola spp. 
Vitis spp. 
Zanthoxylum americanum 
Zizia aurea 
Bare soil 29.44 30.94 18.08 11.06 4.78 
.92 .92 .8 .4 .88 
Litter 96.36 64.6 64.24 73.96 86.96 89.52 
1.0 1.0 1.0 1.0 1.0 1.0 
Log .76 3.8 1.60 4.65 1.22 1.64 
.12 .52 .16 .32 .12 .24 
Bryophyte .62 2.46 .32 .64 .66 
.28 .64 .20 .08 .64 
Total Species/Plot 19 31 32 28 32 35 
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Stands 
Species 8 9 10 11 12 14 
Ulmus spp. .30 1.42 2.08 .06 .56 .12 
.48 .64 .80 .08 .28 .16 
Veronicastrum virginicum 
Viburnum rafinesquianum .04 
.04 
Viola spp. .04 
.08 
Vitis spp. .02 
.04 
Zanthoxylum americanum .16 .06 
.20 .08 
Zizia aurea 
Bare soil .68 4.38 2.0 2.40 12.30 1.84 
.44 .72 .76 .68 .76 .76 
Litter 90.12 94.72 97.36 95.76 83.24 94.36 
1.0 1.0 1.0 1.0 1.0 1.0 
Log 5.68 1.0 .76 1.56 3.72 1.08 
.28 .16 .24 .24 .28 .08 
Bryophyte .34 .06 .52 3.16 
.20 .08 .28 .56 
Total Species/Plot 23 26 34 34 32 33 
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Stands 
Species 15 16 17 18 19 24 
Ulmus spp. .16 .10 .02 .14 
.08 .08 .04 .08 
Veronicastrum virginicum .26 .14 
.16 .12 
Viburnum rafinesquianum .16 .20 
.16 .08 
Viola spp. .04 .04 
.08 .08 
Vitis spp. .04 .32 .06 .02 
.04 .04 .12 .04 
Zanthoxylum americanum .1 
.08 
Zizia aurea .38 
.44 
Bare soil 10.8 43.48 1.72 27.24 29.80 30.04 
.92 .92 .64 .88 .96 1.0 
Litter 86.56 51.56 97.28 66.20 62.63 33.72 
1.0 1.0 1.0 1.0 1.0 1.0 
Log .6 1.0 .8 .8 .4 1.0 
.12 .16 .12 .16 .04 .12 
Bryophyte 1.52 1.18 .22 5.84 4.08 34.56 
.72 .4 .12 .60 .48 .96 
Total Species/Plot 35 32 36 39 34 46 
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Stands 
Species 25 26 27 28 29 30 53 
Ulmus spp. .02 .06 .34 .04 .04 .16 
.04 .08 .36 .08 .08 .12 
Veronicastrum virginicum .32 
.04 
Viburnum rafinesquianum 
Viola spp. .12 .42 .04 
.24 .52 .08 
Vitis spp. .04 .02 .33 
.04 .04 .08 
Zanthoxylum americanum .02 
.04 
Zizia aurea 
Bare soil 6.86 38.16 4.52 16.44 6.36 38.24 15.63 
.52 .96 .88 .96 .80 .96 .83 
Litter 84.2 61.8 81. 72 78.32 92.44 60.8 76.42 
.96 1.0 1.0 1.0 1.0 1.0 1.0 
Log .68 .12 4.72 .88 .80 .72 
.12 .12 .24 .12 .16 .12 
Bryophyte .38 .04 .04 .10 .10 2.71 
.12 .04 .04 .08 .08 .58 
Total Species/Plot 33 23 46 29 30 39 20 
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APPENDIX D: SAMPLE OF RAW DATA, FIELD DATA FORMS, PLOT MAPS 
The field data forms are included in this appendix for reference. 
Site Information: Numbers correspond to field data sheets starting 
with aspect down through disturbance type 
D.B.H. : Measurements are in centimeters 
"d" = dead tree 
"1, p, r, v" = lianas 
Line intercept: c = canopy 
u = understory 
s = shrub 
d = dead tree 
Sapling counts: Numbers correspond to number of saplings 
per 10 X 10 m subplot 
Herbaceous survey: Numbers are percent cover 
T = trace 
Height is given in inches 
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SITE INFO. 
LEDGES STATE PARK QUADRATS 
Plot* _____ _ Location:' __________________ _ 
Date _____ _ 
Aspect:~ _____ o 
Slope, ________ o 
Elevation, ____ _ 
__ Position on slope: ridge (i), upper (2), mid (3), lower (4), bottom (5) 
______ Horizontal configuration: convex (i), straight (2), concave (3), undulating (4) 
____ Area Moisture: xeric (1), moderate (2), mesic (3) 
__ Soil: humus-stable (1), humus-eroding (2), sandy-stable (3), sandy-eroding (4) 
______ Vegetation alteration: undisturbed (1), slight (2), moderate (3), severe (4) 
Type alteration: 
-- ~3"'9(5) 
human-hiking (i)l wildlife (2), flood (3), cultivated-pastured (4) 
t>.IUh Bm Ol~~ fo) Notes 1 ______________ __ 
Center Line _____ o 
:: 
I I 
I I 
I L ___ U 
,- - - ---y 
, : 
I I 
: I 
L __ ~_ .!l 
r-
I 
I 
I 
I 
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TREES 
Plot f-____ _ Date. ______ _ 
Line Intercepts (C - canop,y trees, U • understory trees, S - shrubs) 
Totals 
Snecies Line Intercept Percentages c u 
Sapling Counts (3-l0.~O m plots, trees < 1 inch d.b.h. and >6 inches in height) 
Counts 
Species 1 2 2. 
S 
Total 
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Plotl, ______ _ ~te. _____________ _ 
d.b.h. (trees> 1 inch diameter, d -.dead tree, 1 - liana) 
Species Measurements 
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Plot 1 
17 March 1981 
Location: 
Site Info.: 
Notes: 
Center Line: 
D.B.H. : 
Ostrya virginiana 
Quercus alba 
Quercus rubra 
Carya ovata 
Fraxinus americana 
L = Parthenocissus 
Line Intercept: 
Quercus alba 
Quercus rubra 
392 
Upland -- logged ridge west of restored prairie, 
about 20 m. from west ridge on south side; about 
20 m. from south ridge. 
0-0-1060-6-2-2-1-2-5 
Relatively large gaps in canopy (localized) --
even growth, otherwise much Ostrya in pockets, 
dip towards canyon on NE side, mostly g. alba 
throughout. 
9.5, 7, 5.75, 7, 6.5, 6.5,7,7,7.5,5.5,5.5, 
7.25, 9, 7.5, 7.25, 5.5, 6.5, 5.75, 5, 8, 8, 8.5, 
7,8,7,5, 7-d, 6-d, 7,d 
31.5, 23, 29.5, 22, 27, 21.5, 29.5, 28.5, 19.25, 
17, 25.5, 18, 27.25, 43.25, 23, 14, 17.25, 22.5, 
17.25, 34.5, 13, 32.25, 18, 23.25, 17.25, 25.5, 
21.5, 25.75 27.25, 35.5, 21, 28.25, 29, 19, 22, 
18.5,29.75-1,30-1,25,29,23.5-1,21,23.5, 
25, 26.5-1, 30-1, 29, 21.25-d, 15.5-d 
29.5, 37.25, 30.5, 24.5, 20.5, 31.75, 28.5, 
32.75,19,35,24.25 
10, 12, 16.5, 12 
20, 17.25-d 
lc, 2c, 8c, 3c, 4c, 6c, 7. 4c, 3c, 5. 3c, 1. 8c, 
5.5c, .5c, 2c 
.25c, 2c, Ie, 3.4c 
Plot I 
Ostrya virginiana 
Fraxinus americana 
Amelanchier arborea 
Rubus sp. 
Carya cordiformis 
Carya ovata 
Ribes missouriensis 
Sapling Counts: 
Ostrya virginiana 
Fraxinus americana 
Carya cordiformis 
Rubus sp. 
Amelanchier arborea 
Prunus virginiana 
Ribes missouriensis 
Prunus serotina 
Acer negundo 
Zanthoxylum 
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5u 5u Iu 5u .5u, 3u, .Iu, 4.4u, .2u, .,. ,. ,., 
2u-d, 2.5u, .lu-d, .3u, .4u, .lu-d, .5u, lu, lu 
.lu, .2u, .lu, .2u, .2u, .2u, .3u, .3u, .lu 
.2u 
.2s 
.lu 
lo5e 
.ls 
40-34-85 
47-100-81 
2-0-0 
2-0-0 
1-0-7 
0-3-0 
3-0-1 
2-0-2 
0-0-2 
1-0-0 
Plot 1 Herbaceous Survey 
23 July 1981 
South to North 
Microp1ots 1 
Bare Soil 
Litter 95 
Log 
Bryophytes 
Height 4 
Parthenocissus quinquefo1ia 15 
Carex - long, thin 20 
Osmorhiza clay toni T 
Ulmus sp. 
Amphicarpa bracteata 
Fraxinus sp. 
Desmodium glutinosum 
Quercus alba 
Ostrya virginiana 
Carex - wide grooved 
Quercus rubra 
Hystrix patula 
Phlox divaricata 
Carya cordiformis 
Prunus serotina 
Amelanchier arborea 
Rubus sp. 
Tilia americana 
Purple-white mint 
Additional Species % Cover 
Acalypha rhomboidea 
Acer negundo 
T 
T 
2 
93 
6 
35 
20 
1 
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3 4 5 
90 95 96 
4 5 5 
15 10 8 
40 15 30 
T T 
1 T 
T T 
T 3 
I 
T 
Distribution 
Clumped 
Scattered 
6 7 8 9 10 11 12 
95 95 97 95 95 95 99 
5 4 4 5 3 3 3 
15 8 7 8 3 3 1 
18 15 25 22 60 8 35 
1 T I I 
T 
T 
T 
T I 
3 
T 
2 1 
T T 
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Plot 1 Herbaceous Survey 
Microplots 13 14 15 16 17 18 19 20 21 22 23 24 25 
Bare Soil 
Litter 100 98 95 98 96 97 97 100 97 100 99 95 97 
Log 10 8 1 
Bryophytes 
Height 4 3 3 4 4 4 5 3 4 3 5 5 4 
Parthenocissus qUin 12 15 5 6 5 4 7 5 5 6 6 10 3 
Carex - long, thin 2 2 8 2 20 45 4 3 12 3 5 2 
Osmorhiza clay toni 1 1 
Ulmus sp. 1 1 1 
Amphicarpa bracteata 1 T 
Fraxinus sp. T 2 3 T 
Desmodium glutinosum T T 5 3 6 
Quercus alba 
Ostrya virginiana 1 1 2 2 T 
Carex - wide grooved 1 T 1 
Quercus rubra 1 T T 
Hystrix patula 1 1 2 
Phlox divaricata 
Carya cordiformis T 
Prunus serotina T 
Amelanchier arborea T 1 
Rubus sp. 2 
Tilia americana T T 
Purple-white mint T 
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